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There is no offshore wind industry in Australia at present; however, offshore wind could have 
great  potential.  There  is  no  published  discussion  of  the  economics  of  offshore  wind  on  a 
national scale in Australia, so this paper offers analysis which may inform future policy and 
technology discussions. 
The  main  purpose  of t h i s  s t u d y  i s  t o  d e t e r m i n e  t h e  e c o n o m i c  v i a b i l i t y  o f  o f f s h o r e  w i n d  i n  
Australia, and consider the effect that policy has on the future viability of this technology in 
Australia.  
The analysis of the economic feasibility indicates that offshore wind is generally twice the cost of 
onshore wind but that there is a lot less certainty in offshore wind costs than for onshore wind. 
Offshore  wind  developments  however  are  typically  cheaper  than  large-scale  solar  PV  and 
Thermal. The expected cost of offshore wind in Australia in 2012 is between $100-330/MWh in 
Australian 2012 dollars. 
This report finds that offshore wind is cheaper than some competing technologies including 
most  large-scale  solar  PV  and  thermal  developments.  There  are  also a  n u m b e r  o f  s u itable 
locations  for  development o f  o f f s h o r e  w i n d  i n  A u s t r a l i a .  The  policy  framework  at  present  is 
uncertain, but there exists a number of schemes that could be applicable to offshore wind, 
making it feasible to incorporate offshore wind into the renewable energy supply using the usual 
funding and finance models.  
This dissertation finds that while there are many uncertainties, offshore wind development is 
feasible in Australia given the existing conditions. 
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AEGTC  Australian Electricity Generation Technology Costs (A report) 
AETA  Australian Energy Technology Assessment (A report) 
AEMO  Australian Energy Market Operator 
BREE  Bureau of Resources and Energy Economics 
BWEA   British Wind Energy Association 
CAPEX  Capital Expenditure 
CCGT  Closed-Cycle Gas Turbine 
CEC  Clean Energy Council 
CEFC  Clean Energy Finance Corporation 
EIA  U.S Energy Information Administration 
EWEA  European Wind Energy Association 
FIT  Feed-in Tariff 
IGCC  Integrated Gasification Combined Cycle 
LCOE  Levelised Cost of Energy 
LGC  Large-Scale Generation Certificate 
LSPV  Large-Scale Solar Photovoltaic 
LSST  Large-Scale Solar Thermal 
RET  Renewable Energy Target 
NEM  National Electricity Market 
NREL  National Renewable Energy Laboratory 
OCGT  Open-Cycle Gas Turbine 
OPEX  Operational Expenditure 
O&M  Operation and Maintenance 
PTC  Production Tax Credit 
REC  Renewable Energy Certificate 
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1  Introduction 
There is no offshore wind industry in Australia at present; however, offshore wind could have 
great  potential.  There  is  no  published  discussion  of t h e  e c o n o m i c s  o f  o f f s h o r e  w i n d  o n  a  
national scale in Australia, so this paper offers analysis which may inform future policy and 
technology discussions. Additionally, legislation restrictions on onshore wind in several states in 
Australia have recently changed. This could mean that offshore large-scale renewables become 
more attractive to developers. 
Europe has seen the installation of numerous offshore wind projects over the last 21 years, 
beginning with the Vindeby 4.95 MW farm going online in 1991 [1] . Asia has followed in recent 
years, with China constructing its first in 2009 [2]. Other regions of the world are far behind in 
the development and installation of offshore wind farms. The USA, a major player in onshore 
wind, has only had one utility-scale offshore farm approved so far, and that site has been in 
development  for  over  10  years  [3].  Australia  has  no  proposals  for  offshore  wind  projects; 
however, there have been some studies into the potential of offshore wind in Australia. There 
has been government support in Australia with funding and grants for new technologies such as 
wave, tidal, large-scale solar, and geothermal power, but no reference to specific funding for 
offshore wind development or pilot projects.  
The main objectives of this study are to determine the economic viability of offshore wind in 
Australia a n d  to  consider  the  effect  that  existing  policy  has  on  the  future  viability  of  this 
technology in Australia. Potential offshore wind development sites in Australia that are listed in 
three existing Australia-wide studies will be considered as a basis for comparing with conditions 
for overseas projects. The simplest way to determine economic viability is to see how much 
offshore wind would cost if constructed in 2012, when compared to other energy technologies. 
Many new energy technologies have been commissioned in Australia recently such as large-
scale  solar  and  tidal  projects,  and  there  is  a  lot  of  interest  in  the  development  of  these PEC624 DISSERTATION                         FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA
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technologies by the government with backing in the form of various grants and schemes. If 
offshore  wind  cost  the s a m e  o r  less t h a n  t h e s e  o t h e r  t e c h n o l o g i e s ,  then  it  would  be 
economically viable for offshore wind to join these other emerging technologies in Australia. 
Section 2 presents a background on offshore wind and its competition; Section 3 will present 
the  siting  and  resources  for  offshore  wind  in  Australia;  Section  4  considers  the  policy  and 
regulation of Australia and its effects on feasibility; and Section 5 looks at the economics of 
renewable energy in Australia compared to other countries. All currency is referred to in 2012 
Australian dollars unless otherwise specified. 
2  Background 
There  are  few  published  studies  focusing  on o f f s h o r e  w i n d  i n  A u s t r a l i a .  Of  the  few  studies 
completed, there are three focussing on the siting of offshore wind in Australia. The outcomes 
of those three studies are incorporated into this dissertation. The first, by Eleanor Messali and 
Mark Diesendorf [4] in 2009 identifies specific sites in Australia with good potential for offshore 
wind.  The  seconds,  a  chapter  in  the  book  Environmental  Issues,  Pollution  and  Renewable 
Energy  [5],  provides a  g e n e r a l  o v e r v i e w  o f  p o t e n t i a l  r e g i o n s  s u i t a b l e  f o r  o f f s h o r e  w i n d  
installations, but does not go into a deeper analysis. The third is a previous dissertation by a 
student at Murdoch University in WA, Australia [6]. This focuses on offshore wind siting on the 
south and southeast coast of Australia. 
The economic feasibility of offshore wind can be determined by the levelised cost of energy 
(LCOE). This is achieved by comparing the LCOE of offshore wind to onshore wind, large-scale 
solar and coal energy. There have been a number of studies reporting the LCOE of various 
technologies ( s e e  Section  5  for  a  table  detailing  some  of  these),  however  they  provide 
conflicting results. The only Australian based economic study that reports the LCOE of offshore PEC624 DISSERTATION                       FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA                                                                                                                        
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wind was released in July 2012 by the Bureau of Resources and Energy Economics (BREE) [7]. 
The  overall  cost, a n d  relative  cost  compared  to  onshore  wind,  large-scale  solar,  and  coal 
power, of offshore wind varies due to factors such as geographic locations, labour costs and 
raw material availability.  
This  dissertation  compares t h e  L COE  r e p o r t e d  b y  a  n u mb e r  o f  p r o v i d e r s   from  Europe  and 
North America. Thi s i s then compared to LCOE reports for other energy technol ogi es from 
Australia in an attempt to determine an indicative cost for offshore wind in Australia, and where 
it stands economically, compared to its competitors. 
2.1  The State of the Industry 
Table 2-1 below summarises the countries with installed wind, and the operational capacity (at 
May 2012).  
Table 2-1: Installed (commissioned) offshore capacity worldwide (from Table A-1 in Appendix A) 
Country  Installed Capacity (MW) 
UK  2679.2 
Denmark  871.5 
Netherlands  246.8 
Belgium  195.0 
China  178.3 
Sweden  163.4 
Germany  127.5 
Finland  32.3 
Japan  31.3 
Ireland  25.2 
Norway  2.0 
South Korea  2.0 
Portugal  2.3 
 
Europe had 53 offshore wind farms at the end of 2011 [8], and at May 2012 Europe had a total 
capacity of 4,345.2 MW (Table 2-1) spanning ten countries. The first farm was commissioned in 
1991 in Denmark, with a combined total of over 1,500 individual turbines now installed over 
Europe [8]. The UK is leading the offshore wind industry in installed capacity with 2679.2 MW. PEC624 DISSERTATION                         FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA
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The largest offshore wind farm installed is in the UK, the Greater Gabbard wind farm, with a 
capacity of 500 MW. Denmark is next, with 871.5 MW currently installed. 
Favourable frameworks and funding incentives are principally responsible amongst the causes 
for the large number of offshore wind farms commissioned in Europe [9]. The high population 
density is also a driver in moving wind development offshore [10].  
In Europe, the trend is for increasing turbine size, installed capacity, and water depth, and these 
trends will be discussed in Section 2.3 in more detail. In recent years, three floating offshore 
wind developments have been trialled; a recent installation in Portugal, one in Norway and one 
in Italy (decommissioned). More details of these projects can be found in Appendix A. The move 
to floating and larger turbines will open up more potential sites for development. 
In Asia, there are nine offshore wind farms currently commissioned, with a total capacity of 
211.62 MW. In China, there is a total installed capacity of 178.3 MW now, over five projects. 
Japan follows with 31.32 MW of capacity, and South Korea has a small development of 2 MW. 
The first offshore wind farm in Asia was the Sakata project in Japan, commissioned in 2004 
with a capacity of 16 MW. China’s first entrant was relatively recent, in 2009 [2]. In addition to 
these countries, Taiwan is planning offshore wind in the near future [2]. More details of these 
projects can be found in Appendix A. 
 The state of the offshore wind industry in North America is far behind Europe’s. Numerous 
offshore wind proposals are in the advanced stages of planning, but policy, opposition and cost 
have prevented any projects from reaching the construction stage as yet [9]. It will interesting to 
follow the progress of these developments, as the hurdles faced are likely to be similar to those 
if Australia goes down the path of offshore wind. For this reason, the few projects in North 
America are discussed in more detail below. PEC624 DISSERTATION                       FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA                                                                                                                        
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The most likely region in the USA to adopt offshore wind is in the northeast with its favourable 
wind resources, higher energy costs and a larger population density (relative to the rest of the 
country). There are also however a number of other potential regions in North America that are 
seeing proposals at present. There are currently (at May 2012) five major active projects in 
North America [11]. These are listed in Table 2-2 below. 
Table 2-2: Offshore Wind Projects in the North America that are in Advanced Stages of Planning as at May 2012 [11]  
Project  Company  Region 
Capacity 
(MW)  Status 
Cape Wind  Cape Wind  Massachusetts, 
USA 
468  Construction approved April 2011 
Power purchase agreement made in May 2010 
Block Island  Deep 
Water Wind 
Rhode Island, 
USA 
20  Power purchase agreement made. Deep Water 
Wind believe this will be the first project online in 
USA 
New Jersey  Deep 
Water Wind 
New Jersey, 
USA 
350  Proposal has been chosen by NJ board of public 
utilities 
Wolfe Island  Wind 
Stream 
Energy 
Ontario, Canada  200  Contract won April 2009. Possibly being delayed 
by government requiring further environmental 
studies. 
Galveston 
Demonstration 
Coastal 
Point 
Energy 
Texas, USA  3  Construction approved in 2008, now awaiting a 
power purchase agreement. 
 
The Cape Wind project in Massachusetts is the first proposal for offshore wind in USA to be 
approved. A power purchase agreement was secured with the National Grid (an energy and 
gas  utility  that  operates  in  north-eastern  USA)  in  December  2011  [3],  but  the  political  and 
planning  delays  incurred  mean  that  this  will  still  take  some  time  to  reach  construction  and 
operation. The plan is to build a farm with capacity of around 470 MW, in water with depths 2-
18 m [12] .  
A proposal in Long Island is also being considered due to its proximity to New York, while a 
similar proposal on the Great Lakes, by the same energy company, was cancelled due to the 
excessive subsidisation required to build it [13] . 
In addition to these sites, the Galveston Demonstration development in Texas might beat Cape 
Wind to be the first offshore wind farm to be commissioned in North America. The Gulf of 
Mexico already has significant offshore infrastructure from the oil and gas industry, which could PEC624 DISSERTATION                         FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA
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be easily utilised by the wind industry. In fact this project was originally to be constructed on old 
or disused oil platforms to reduce costs but instead the developers are now likely to opt for the 
more conventional tripod bases [9]. 
In Canada, the Wolfe Island project reached advanced stages of planning, but was recently 
halted by the Ontario Ministry of Natural Resources who stated they were not proceeding with 
offshore wind power projects unt i l  t he necessar y sci ent i f i c r esear ch was compl et ed and an 
adequately informed policy framework could be developed [14]. 
As  seen,  offshore  wind  power  is  a  viable  option  in  Europe  and  parts  of  Asia  at  present. 
Numerous projects in North America have also been proposed, with some in advanced stages 
of development. This means that in the next few years, it is likely that at least three continents 
will have offshore wind installations. If Australia does consider offshore wind, there is already a 
large industry to learn from, and Australia's hurdles will be similar to those that North America 
currently faces. 
2.2  Australia’s Position and Potential 
Australia c u r r e n t l y  h a s  n o  p l a n s  f o r  o f f s h o r e  wi n d  d e v e l o p me n t . T h i s  i s , i n  p a r t , d u e  t o  t h e  
substantial tracts of empty land surrounding our population centres that could be utilised by 
other  renewables  such  as  large-scale  solar  or  onshore  wind.  One  of  the  major  hurdles  for 
renewables, particularly offshore wind, is the cheap cost of conventional coal powered energy. 
Visual impact could also be a potential issue due to much of Australia’s coastline being zoned 
as national parks which are considered areas of natural beauty [6], and most of our population 
lives  near  the  coast  and  therefore  development  offshore  but  near  the  coast  could  attract 
resistance [15]. PEC624 DISSERTATION                       FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA                                                                                                                        
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Despite this, Australia has an excellent offshore wind resource with many potential sites already 
identified [4]. Australia’s population is also predominantly coastal, meaning a lot of the potential 
sites offer close proximity to our largest towns and cities. Existing oil and gas infrastructure such 
as oil rigs and platforms, as well as expertise in offshore construction from this field, could 
provide the necessary framework to build a successful offshore wind industry.  
2.3  Developments and Trends in Wind 
This section discusses trends in turbine and installation capacity. As improvements in design 
continue, larger turbines can be built. To save money, these turbines are being placed in larger 
numbers for a development. To support these new developments, foundation technology is 
improving.  Although  the  standard  foundations  are  still  preferred  for  affordability,  a  few 
developments require specialist foundation designs. As well as bottom mounted foundations a 
number of floating designs are being developed, with two designs currently in operation. 
ABCBD  Turbine and Installation Capacity 
The capacity of wind farms is increasing, as well as the average depth of the sites and size of 
developments, as Figure 2-1 below shows [2]. PEC624 DISSERTATION                         FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA
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Figure 2-1: Increase in distance to shore and water depth with newer installations (source: NREL [2]) 
Looking at existing offshore wind developments (see Appendix A) the majority of offshore wind 
turbines in Europe post-2007 are 3 MW or greater typically 3.6 or 5 MW. There is also at least 
one 10 MW turbine in development, such as the Aerogenerator X in the UK [16]. Onshore wind 
turbines are generally smaller; for example, in Australia the typical onshore turbine capacity is 
currently 2-3 MW (details in Table B-1, Appendix B). Availability of very good onshore sites is 
diminishing though, due to the best sites being developed first thus leading to a lower capacity 
factor [17] . 
The majority of the European offshore wind farms completed since 2010 are greater than 100 
MW capacity, with the largest commissioned offshore wind farm currently being the Walney 
Wind Farm in the UK at 367 MW (see Appendix A for a full list of offshore wind installations with 
capacity where available). Plans for future offshore wind farms in the UK will exceed 500 MW in PEC624 DISSERTATION                       FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA                                                                                                                        
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size [18]. Offshore wind development is large to compensate for the high costs associated with 
installation.  Hence,  large  turbine  sizes  specific  to  offshore  wind  are  in  development  as 
mentioned previously.  
There have also been a number of large onshore wind farms recently developed around the 
world. Australia’s largest onshore wind farms are the Hallett (298 MW) and Lake Bonney (279 
MW) wind farms ( s e e  T a b l e  B-1  in  Appendix  B f o r  d e t a i l s ) .    Internationally,  the U S A  h a s  a 
number of farms exceeding 500 MW. India has the Jaisalmer Wind Park which is at 1,000 MW. 
The combined capacity of one of Chinas wind developments, Dabancheng Wind Farm, also 
exceeds 500 MW. Further details of these wind farms can be found in Table B-2 in Appendix B. 
Economies of scale means these recent larger installations are likely to cost per MW, making 
them more competitive with fossil fuel energy than they were.   
Due to the fact that both offshore and onshore wind developments are increasing in capacity, 
the cost of offshore wind developments worldwide is unlikely to match the cost of onshore wind 
per MW in the near future. 
ABCBA  Foundation Technology 
Unlike onshore wind farms, offshore wind farms have a wider range of installation conditions 
and each geographical location requires a specific foundation type. The choice of foundation 
also has an effect on the cost of the development, increasing the range of costs of offshore 
wind  per  MW  when  compared  to  the  range  of  well-defined  costs  for  onshore  wind 
development. 
Table  2-3  below  lists  some  of  the  ways  an  offshore  wind  turbine  can  be  mounted  to  the 
seabed. Figure 2-2 to Figure 2-4 show how these different foundations function. 
 PEC624 DISSERTATION                         FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA
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Table 2-3: Foundation Types Currently Available for Offshore Wind Farms 
Approximate Cost ($ Million 2012 AUD/MW) for 
water depth (m) [19] 
  
Foundation 
Type  Features  0-19  20-29  30-39  40+ 
Monopile 
A single large wide-diameter structure often driven deep 
into the seabed (Figure 2-2). 
0.8  1.0  1.3  1.7 
Gravity 
Base 
A support held in place by gravity. Usually towed to the 
destination then sunk (Figure 2-2). 
0.5  0.7  1.2  1.7 
Tripod 
Multiple piles driven into seabed from one central stem 
(Figure 2-2). 
1.0  1.3  1.5  1.7 
Jacket 
Four sided ‘A’ shaped structure, with legs that are pile-
driven into the seabed once towed to sea. Designed for 
deep water (Figure 2-2). 
0.7  0.8  1.3  1.7 
Floating 
A number of different designs – ballast, mooring line, and 
buoyancy stabilised. See Figure 2-3 and Figure 2-4 
for further details. At least three different designs 
installed, and more under development. 
N/A  N/A  N/A  1.7 
 
 
Figure 2-2: Basic foundation types (source: theengineer.co.uk [20]) 
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Figure 2-3: Basic Floating Foundation Concepts (source: [21]) 
 
 
Figure 2-4: Hywind Floating Turbine Ballast Model (source: [22]  
The  gravity  base  structure  and m o n o p i l e  f o u n d a t i o n s  are t h e  m o s t  c o m m o n   and  generally 
cheapest options for offshore wind turbine foundations.  These cheaper structures, however, 
are not suitable for deep water or rock seabeds. The jacket foundation, borrowed from the oil 
and gas industry uses the same technology as an offshore drilling platform.  PEC624 DISSERTATION                         FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA
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The  first  non-prototype  floating  foundation  was  installed  in  Norway  in  2009.  This  particular 
foundation is called a ‘Hywind’ and utilises technology developed for the North Sea oil industry 
[22] . Other floating foundation designs were also installed in 2011 (see [23], and more are in 
development [24]. At deep depths (over 40 metres), it is estimated that floating offshore wind 
foundation  structures  will  be  as  economical  as  the  more  conventional  types  of  foundation. 
However, at these depths, the foundation costs are approximately double that of foundations 
installed in depths of less than 20 metres. In Australia, shallower potential sites are likely to be 
developed first; therefore expensive floating foundations are unlikely to be considered for early 
offshore wind development in Australia. 
2.4  Competition  
Within the renewable sector, offshore wind is currently viewed as the more expensive cousin of 
onshore wind, rather than as an independent technology with its own merit. Although evidence 
in Section 5 indicates that offshore wind is on a similar cost scale to large-scale solar and 
geothermal technology, offshore wind is a more mature technology, and there is a large industry 
established  around  offshore w i n d  i n  E u r o p e .  This  section  takes  a  brief  look  at  the  main 
technologies that are likely to compete for available funding in the renewable energy industry. 
ABEBD  Onshore Wind 
Onshore wind is an established technology and is nearing the price of conventional fossil fuel 
powered technology, and in some instances internationally, some projects have reached parity 
[25]. It is generally the least-cost method of meeting the RET in Australia, making it the preferred 
option to work towards the RET goal of 41,000 GWh of electricity produced by eligible large-
scale renewable energy sources by 2020 [26]. Unlike Europe, Australia has plenty of land still 
available for future onshore wind projects [10]. Potential ongoing issues that may affect offshore 
development  include  proximity  to  dwellings,  noise  and  visual  amenity,  and  environmental PEC624 DISSERTATION                       FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA                                                                                                                        
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impacts to the surrounding area [27]. Offshore wind has a lesser visual impact and tests have 
determined that the sound can only be audible at less than 6 miles (10 kilometres) from the 
turbine [28], reducing potential issues due to public opposition. Section 4.2.5: Impact on the 
Public discusses the potential impact on the public of offshore wind. 
ABEBA  Marine Technology 
Marine  energy  technologies  such  as  wave  and  tidal p o w e r  a r e  c u r r e n t l y  i n  R esearch  and 
Development (R&D)  mode. There are a number of successful pilot demonstrations of these 
technologies across Australia and the rest of the world, and it is possible some of these may 
reach commercialisation. According to the CEC Marine Energy Sector report, these projects 
receive a wide range of grants for development, and several of the companies expect their 
projects  to  become  as  cheap  as  offshore  wind,  while  other  newer  entrants  believe  their 
technology could be as cheap as onshore wind [29] B  
In Australia, offshore wind could find itself in a similar position as other marine technologies 
when considering the l ack of  exi st i ng pol i cy or  gui del i nes for  marine  energy that  is  slowing 
progress [30]. 
ABEBC  Large Scale Solar 
Large-scale solar (thermal and PV) developments are typically located more inland than wind 
developments, such as the Solar Systems development near Mildura in Victoria [31]. The map 
below (Figure 2-5) shows existing solar and wind developments around Australia, and it can be 
seen that the few existing developments for solar are located further from the coast than most 
wind developments.  PEC624 DISSERTATION                         FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA
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Figure 2-5: Map of onshore wind and large-scale solar power generators in Australia [32] 
Optimum sites for future solar-thermal developments are also located further inland than other 
energy  developments,  as  the  map i n  F i g u r e  C -1  (Appendix  C)  shows.  The  existing 
infrastructure, however, is shown to be away from these optimum regions (Appendix D). The 
main advantage of large-scale solar over offshore wind is the possibility of overnight storage 
using  molten  salts.  This  can  reduce  intermittency  issues  that  are  often  associated  with 
renewable energy.  If a large-scale solar development is built inland and is intended to service a 
mainly coastal population, however, large transmission losses could occur. This is undesirable, 
and  an  option  to  reduce  this  effect  is  to  construct  high  voltage  direct  current  (HVDC) PEC624 DISSERTATION                       FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA                                                                                                                        
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transmission  lines  which  experience  less  power  loss  over  long  distances;  however,  initial 
construction of these lines would be costly [33]. 
The largest existing PV projects are (as at October 2012) in the USA (Agua Caliente, currently at 
247 MW,[34]), India (Charanka Solar Park at around 200 MW,[35]) and the Ukraine (Perovo 
Solar Park at 100 MW,[36]), and many other countries also have projects in operation [37]. 
Worldwide, up until 2008, the yearly installed capacity rate was increasing, indicating a healthy 
large-scale solar industry. However, this rate has dropped off in the years 2009 and 2010 [38]. 
ABEBE  Geothermal 
Geothermal is less developed than large-scale solar, but there is funding allocated to R&D in 
this field (see Appendix E for funding). In Australia, geothermal is an artificial process, requiring 
rock drilling, fracturing and water to create the steam. The appeal of geothermal is that it may 
not face intermittency issues, as it does not rely on weather conditions. 
3  Siting Offshore Wind Farms 
In this section, the potential offshore wind development sites in Australia identified by a number 
of studies will be discussed.  
There are at least three existing studies about potential sites in Australia. A paper by Messali 
and Diesendorf [4]  discusses very specific potential sites across Australia. A book chapter by 
Jeng and Zheng [5] , analyses the factors that make a good site and recommend some general 
regions of Australia’s coastline that would be appropriate for offshore wind. This section will 
focus on the information from the Messali/Diesendorf and Jeng/Zheng, and Carra studies that 
was mentioned in Section 2.  
The characteristics of these potential sites, such as wind resources and water depth, will be 
compared to existing and proposed sites in other countries. PEC624 DISSERTATION                         FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA
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3.1  Factors Involved in Siting Offshore Wind Farms in Australia 
The  following  map  (Figure  3-1)  shows t h e  best  potential  offshore  wind  development  sites 
identified by the Messali/Diesendorf study. The other two studies do not provide specific sites 
with corresponding geographical positions, and have not been shown in this figure. Proximity to 
the existing transmission grid was a key factor for choosing sites in this study, which tends to 
correspond to the more densely populated regions. This can been seen in the map, with the 
sites located near the darker shaded (densely populated) areas. 
 
 
Figure 3-1 Potential Sites according to Messali/Diesendorf Study. (Population Data from ABARES) 
The  following  map  (Figure  3-2)  shows  the  best  potential  offshore  wind  development  sites 
identified by the Jeng/Zheng study. They are broad regions, and it is difficult to determine the PEC624 DISSERTATION                       FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA                                                                                                                        
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characteristics of these areas to compare to those at existing offshore wind sites internationally. 
 
Figure 3-2 Potential Sites according to Jeng/Zheng Study. (Source: Jeng/Zheng [5]) Note: not to scale, indicative of 
parts of Australia only 
A map is not shown for the best offshore wind development sites in the south-east of Australia 
as identified in the Carra study, but these sites are listed in Figure 3-7 later in this chapter. 
 
 The Messali/Diesendorf study identified four interesting regions: 
•  Victoria and South Australia (from Westernport Bay to Whyalla) 
•  Queensland (from the Gold Coast to Cooktown) 
•  NSW (from Newcastle to Ulladulla), and 
•  Western Australia (from Bunbury to Geraldton/Carnarvon) 
Sites with the following conditions were excluded from consideration for this study: 
•  Marine parks and reserves, protected areas and ‘No Structures’ sub-zones 
•  Mean wind speed less than 6.1 m/s (at 80 m)  
•  Water depth greater than or equal to 40 m, and 
•  Distance to the closest grid connection point greater than 100 km. PEC624 DISSERTATION                         FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA
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Weightings were used to determine the best sites in Australia, which were based on a number 
of factors:  
•  Annual mean wind speed at 80 m hub height 
•  Impact on the general marine environment 
•  Potential impact on whales and birds 
•  Water depth in metres at a specific site 
•  Distance from coast 
•  Distance to nearest parks or reserves 
•  Population/energy usage type in the proximity 
•  Distance from closest connection point to the grid, and  
•  Distance from site to the closest port.  
An  elevated w e i g h t i n g  i n d i c ated  that  the  site  was  highly  suitable  for  development.  Possible 
conflict  with  shipping  and  air  traffic,  as  well  as  fishing  and o i l  a n d  g a s  e x p l o r a t i o n  w e r e  
considered when assigning weighting to potential locations. In addition, areas of large energy 
usage, as of 2009, were weighted highly.  
Tasmania was also excluded from the final recommendation of the Messali/Diesendorf study, 
despite having excellent wind resources, due to having deep waters and a low population. The 
study  also  identified  Tasmania  as  having l a r g e  a r e a s  o f  l a n d  s u i t a b l e  f o r  o n s h o r e  w i n d .  
Tasmania is, however, included here as the sites identified were considered some of the best. 
In the criteria for this study, the water depth required for construction of an offshore wind farm 
was defined to be the main indicator for difficulty and cost of construction. Often multiple sites 
in one region were considered, and sometimes one of the sites proved suitable while the others 
were not so ideal. Table 3-1 shows the best-ranked sites in Australia, while Table 3-2 shows PEC624 DISSERTATION                       FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA                                                                                                                        
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more highly ranked options on the East and South Coast of Australia. These sites are also 
shown in Figure 3-3 to Figure 3-6 that follow. 
Wind speeds can reach as high as 8.8 m/s in Geraldton, yielding the best for wind resources; 
however,  it  is  also  one  of  the  deeper  sites.  The  recommended  site  for  development  of  a 
demonstration  offshore  wind  farm  was  Perth 1 ,  a s  i t  p e r f o r m e d  w e l l  i n  a l l  t h e  f a c t o r s .  
Additionally, the site identified is close to an Australian city where there is no suitable land for an 
onshore wind farm. Most Australian cities, being coastal, have a port area. The advantage of 
siting near a port is potential access to marine equipment that would be of use both in the 
construction  and  maintenance  phase  of  an  offshore  wind  project.  A  disadvantage  of  siting 
offshore  wind  developments  near  existing  port  towns  is  the  competition f o r  s e a  r o o m  a n d  
navigation concerns [39]. 
Table 3-1: Best Sites Overall according to Messali/Diesendorf (including Tasmania)  
Location  State  Distance to shoreline [km]  Water Depth [m]  Mean Wind Speed [m/s] at 80 m 
Woolnorth 1  Tas  2.5  8  8.4 
North Geraldton  WA  3.5  12  8.3 
Melbourne 2  Vic  11  12  7.2 
Geraldton  WA  11  17  8.8 
Perth 1  WA  12.5  7  7.8 
Whyalla 2  SA  20  10  7.4 
Bargara 2  QLD  20  17  7.1 
 
Table 3-2: Best Sites on Eastern/Southern Coasts according to Messali/Diesendorf 
Location  State  Distance to shoreline [km]  Water Depth [m]  Mean Wind Speed [m/s] at 80 m 
Port Lincoln  SA  2  4  7.7 
Melbourne 1  Vic  8.5  7  7 
Gladstone  Qld  10.5  5  6.4 
Bargara 1  Qld  10  15  7 
Melbourne 2  Vic  11  12  7.2 
Adelaide  SA  11  18  7.2 
Whyalla 1  Qld  11  12  7.4 
Whyalla 2  Qld  20  10  7.4 
Bargara 2  Qld  20  17  7.1 
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Figure 3-3: Sites identified in Victoria and Tasmania  Figure 3-4: Sites identified in NSW PEC624 DISSERTATION                       FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA                                                                                                                        
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Melbourne and Bargara, offering relatively high wind speed and medium distance to shore, are 
both good choices for a large offshore wind farm, as it is a compromise between distance and 
shallow water.  Planning for a site like Melbourne would take longer to obtain approval due to 
the  high  traffic  volume  from  shipping  and  the  large  amount  of  protected  coastline  nearby. 
Melbourne’s high population density and low land availability make offshore wind in this area an 
attractive option. 
Existing transmission lines in Australia vary in the ability to host new energy development. This 
makes it more important for offshore farms to be close to urban centres, so that potential grid 
infrastructure upgrades are minimised. The majority of sites identified are close to population 
centres. Major transmission networks tend to follow coastal regions, making land connection 
from offshore wind farms to the grid possible. Figure D-1 (Appendix D) shows the complete 
network of Grid Australia. The actual availability of each line is another matter, and the existing 
management of the transmission network by private companies results in uncertainty over who 
pays for what extension to the grid [40]. 
A key point from the Messali/Diesendorf study is that offshore wind is more likely to succeed in 
areas with low land availability, and this could be the deciding factor on offshore wind feasibility, 
as other power sources may not be able to compete near built-up areas. 
The Jeng/Zheng study considered the options being chosen further from built up areas. The 
regions in this study are general whereas the Messali study gives specific siting complete with 
Latitude and Longitude. Table 3-3 below shows the best regions identified by Jeng/Zheng. The 
highest potential according to their paper is the southern part of WA. PEC624 DISSERTATION                       FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA                                                                                                                        
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Table 3-3: Best Regions for Offshore Wind according to Jeng/Zheng 
Location (region)  State/Territory  Distance to shoreline [km]  Water Depth [m] 
Southern part of WA (south of Perth)  WA  4-9 km  6-9 m 
Whitsunday Island  Qld  < 3 km  2-5 m 
Darwin  NT  10-15 km  10-30 m 
Sydney  NSW  10-15 km  6-9 m 
Adelaide  SA  > 15 km  6-9 m 
 
The third study by Chris Carra focused on the south and south east coast of Australia. Selecting 
only sites with good mean wind speeds, excluding national parks, at least 5 km offshore and 
less than 20 km offshore, the following sites were identified as having the most potential. 
 
Figure 3-7: Summary of Victorian potential sites and water depth distribution (between 5-20 km offshore) (source: 
Carra) 
Carra’s study highlights the relatively small area of Victoria with depths less than 20 metres out 
of the potential area suitable for offshore wind, due to steep depth drops in the continental shelf 
close to land in many regions. Bay areas are most suitable due to shallower depths, such as in 
Portland Bay. Not shown in this figure is Port Phillip Bay which was also identified as a potential 
site. PEC624 DISSERTATION                                       FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA                                                                                            
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3.2  Comparison of Siting Issues between Australia, Europe and the USA 
Wind speed, water depth and distance from shore were highlighted by the Diesendorf/Messali 
study as important weighting factors in deciding upon a potential offshore wind site. In this 
section, the wind resource and bathymetry of sites in Europe and USA are compared to those 
identified in Australia.  
!"#"$  Wind Resources 
Appendix A shows operational offshore wind farms and the corresponding reported mean wind 
speed, at a given height above ground. Generally the reported wind speed is for between 70-90 
metres. For existing offshore wind farms in Europe where the data is provided (valid at April 
2012), the mean wind speed ranges from 7.4 m/s for the Vanern wind farm in Sweden (90 m 
height) to 12 m/s at the Rodsand site in Denmark.  
Figure 3-8 shows the mean wind speed ranges for the potential offshore wind sites in Australia 
that are reported by the Messali/Diesendorf study and speed ranges for existing and proposed 
sites internationally where these are available. For a base turbine size, Australian offshore wind 
farms at the proposed sites could have a lower capacity factor than their counterpart in Europe. 
In China, the available reported mean wind speeds range from 6.8 – 8.4 m/s, and this indicates 
that China’s wind resource could be comparable to that of potential sites in Australia. PEC624 DISSERTATION                       FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA                                                                                                                        
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Figure 3-8: Mean wind speeds for existing sites internationally (see Appendix A for details) and potential mean wind 
speeds at the best sites identified by the Messali/Diesendorf study described below [4]  
It can therefore be concluded that an Australian offshore wind development’s capacity factor 
would be lower than those reported in the UK and mainland Europe, and closer to that of 
offshore  wind  developments  in  China,  due  to  lower  mean  wind  speeds  for  the  potential 
Australian sites. 
!"#"#  Offshore Depths and Distance from Shore 
In Europe, most of the installations to date (at October 2012) are less than 20 metres deep (see 
Appendix A). Of the sites Diesendorf identified, none are greater than 20 metres deep either. 
However, the Diesendorf study excluded locations where the water depth would be greater 
than 40 metres, which means potential sites for “floating turbine” technology have not been 
identified in their study  (Section 5 discusses the costs and situation for using floating foundation 
technology). 
The Carra study considers only potential sites of the south and south east coast of Australia 
where the distance to shore is 5 km or greater. This study identified a number of potential sites 
less than 20 km offshore, where the water is more than 20 metres deep. This study indicated 
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that  compared  to  Europe,  southeast  Australia  has  limited  shallow  areas  between  5-20  km 
offshore suitable for offshore wind, with the potential sites shown in Figure 3-7. 
4  Policy I s s u e s  a f f e c t i n g  t h e  I m p l e m e n t a t i o n  o f  O f f s h o r e  W i n d  i n  
Australia 
Financial mechanisms and planning regulations are the two key areas of government policy that 
affect offshore wind development. No marine energy policies exist at present but some of the 
policies relating to oil and gas exploration may be applicable.  
Australia also has a large-scale renewable energy target (LRET) of 41,000 GWh of electricity to 
be supplied from large-scale renewable energy sources by 2021 [41]. Offshore wind is covered 
in the LRET category according to Section 17 of the RET act of Australia as wind is classified as 
an eligible renewable energy source [42]. The RET and the introduction of the carbon tax are 
some of the energy policies that are expected to shape Australia’s energy market over the 
coming 25 years [43] .   
Before an offshore wind project could succeed in Australia, many barriers, including government 
funding, project financing, and planning regulations, would need to be overcome. 
4.1  Funding, Finance and Incentives 
A  Clean  Energy  Council  (CEC) c o m m i s s i o n e d  r e p o r t  o n  t h e  r o l e  o f  t h e  n e w  C lean  Energy 
Finance Corporation (CEFC) [44] identified that Australia has a number of barriers in the existing 
renewable energy model. According to stakeholders some of these barriers include: 
•  Lack of investor experience 
•  Clean energy financing gaps  
•  Difficulty in securing power purchase agreements with the power companies, which are 
necessary before any project goes ahead. PEC624 DISSERTATION                       FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA                                                                                                                        
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•  Investment uncertainty that exists primarily due to differences between the main political 
parties s t a n c e s o n  e n e r g y  p o l i c y .  T h e  r e c e n t  a d dition  of  a  carbon  tax  is  further 
compounding  this  uncertainty:  this  includes  possible  fluctuations  in  the  carbon  price 
once floated in 2015, as well as the current Federal Opposition’s promise to repeal the 
carbon tax if elected. 
•  Monetary loans in Australia for construction tend to be too short at around 7 years; in 
contrast, European loans typically offer terms of around 15 years. 
•  Stakeholders  are  unclear  on  who  is  responsible  for  transmission  infrastructure 
expansion. 
The Australian renewables sector receives funding through a variety of schemes, both on a 
federal and state level. Many of these funds are one off grants and focus heavily on research 
and development of non-commercialised technologies [45]. Feed-in tariffs exist only within the 
small-scale sector. The large-scale sector gets funding instead from the sale of LGC’s (large-
scale generation certificates) to energy providers who want to meet their RET requirements. 
There  is  a  lack  of  certainty  in  the  price  that  LGC’s  sell  for,  especially  which  could  reduce 
potential investment. Aside from LGC’s, large-scale renewable energy providers earn income 
from Power Purchase Agreements (PPA) [44]. These are negotiated in the same way as fossil 
fuel energy and are important to secure before construction of a new project begins. At 2011, a 
PPA of around $90-120/kWh (2011 AUD$) was consistent with onshore wind costs at the time 
[46]. Incentives are likely to be required to get an initial demonstration scale project for offshore 
wind commissioned, as it is generally reported that capital cost for offshore wind are twice as 
much as onshore wind [2]. 
Table 4-1 below highlights the different financial incentives for renewable energy for Europe, the 
USA and Australia. These are discussed below. PEC624 DISSERTATION                                       FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA                                                                                            
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Table 4-1: Continuing Financial Incentives for Moving to Renewable Energy 
Region  Carbon Tax  Feed-In Tariffs  Target for 2020   Other 
Europe  Various schemes in 
place [47, 48] 
Varies in level of FIT 
in most of Western 
Europe [47]  
Between 10% and 50% [48]:  
Germany: 18% 
UK: 15 % 
Sweden: 50% 
Denmark: 30% 
Portugal: 31% 
Spain: 20% 
 
USA  Implemented in some 
states, first in Boulder, 
Colorada in 2006 [49]  
Varies between 
states 
Varies between states [50]:  
Texas ~ 5% by 2015 
Rhode Island: 16% by 2019 
New Jersey: ~20.38 by 2021 
Massachusetts: 15% by 2020 
Production tax 
credit of 30% on 
renewable energy 
[9] 
Australia  Starting at $23/tonne 
on 1 July 2012 [51] 
On small-scale 
renewable energy 
sources such as 
rooftop solar 
About 20% of energy from 
renewables (large and small-
scale). RET of 41,000 GWh from 
Large-Scale Renewable Energy 
[41] 
 
 
Internationally,  there  are  a  number  of  approaches  to  renewable  energy  policy  and  climate 
change.  Europe  is  the  most  progressive  region  in  terms  of  renewable  energy  policy.  Most 
countries have a feed-in tariff for all renewables (including offshore wind) along with a carbon 
tax. Although there is debate over whether the carbon tax is actually curbing greenhouse gas 
emissions [52], it at least reduces the cost differential between renewable and fossil fuel energy. 
In addition, the feed-in tariffs guarantee a minimum price return that can encourage investment 
if they are sufficiently attractive. 
The USA has a production tax credit (PTC) scheme for renewable energy that is intended to 
boost renewable energy by reducing the project tax in the first years of operation. It is similar to 
a feed-in tariff, providing a USD $0.02/kWh tax credit to companies that produce energy from 
renewable energy sources such as wind [9]. It is a fixed-term policy, consequently each time it 
is due to expire, growth in the wind industry slumps [9]. This uncertainty leads to an unstable 
renewables market.  A similar uncertainty exists in the Australian market, with regular changes 
to the renewable energy funding model, and no guarantee that these funds will still be available 
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Appendix E outlines Australian initiatives that are relevant to both onshore and offshore wind 
development. The following sections compare these with similar approaches adopted overseas. 
!"#"#  Renewable Energy Generation Certificates and the Renewable Energy Target (RET) 
Since  2001,  the  compulsory  purchase  of  renewable  energy  to  satisfy  renewable  energy 
generation certificate (REC) quotas for the renewable energy target (RET) has assisted with the 
adoption  of  renewable  energy  in  Australia  [41].  A  change  to  the  structure  of  the  scheme, 
however, saw the price of these drop to a price that reduced the returns for renewable energy 
providers to below an economical level [46]. This was caused by an oversupply of RECs due to 
incentives given for installation of solar hot water systems, heat pumps and the solar credits 
scheme [53]. In response, AGL Energy dropped plans for new onshore wind farms because the 
low returns do not justify the outlay [54]. This indicates that the regulation of renewable energy 
generation certificates, much like FITs (discussed in Section 4.1.3), have a large impact on the 
feasibility of large-scale renewables such as offshore wind.  
Since then, the RECs have been divided into large-scale generation certificates (LGCs) and 
small-scale generation certificates (SGC). The LGC’s are intended to create a financial incentive 
for renewable energy power stations [41]. However, because it is not a fixed-price mechanism, 
the uncertainty in returns on a project remains, which could discourage potential investment in 
the future. 
!"#"$  The Carbon Tax 
The recently implemented carbon tax in Australia will be fixed for the first three years, and then 
transition  to  an  emissions  trading  scheme.  From  1  July  2012,  the  carbon  price  began a t  
AUD$23 per tonne of carbon dioxide equivalent emissions (CO2e). This will increase until 30 
June 2015, when the price will become a ‘cap and trade’ system and is likely to be open 
internationally. T h e  i m p l i c a t i o n s  o f  t h e  t a x  o n  t h e  e c o n o m i c  f e a s i b i l i t y  o f  o f f s h o r e  w i n d  a r e  
discussed in Section 5. PEC624 DISSERTATION                                       FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA                                                                                            
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!"#"$  Feed-in Tariffs 
Currently Australia only offers feed-in tariffs (FIT) for systems ranging from 5 - 200 kW [55]. 
Since the large-scale sector does not receive these tariffs, the only assistance comes in the 
form of various grants and funds, which add uncertainty for project investors. In many other 
countries, substantial FITs exist for both onshore and offshore wind amongst other renewable 
energy sources. In Europe, in 2005 the European Commission found the FIT system to be more 
effective  than  a  quota  support  system,  especially  for  wind,  due  to  the  decreased  risk  for 
investors [47]. Although Australia has the LGC system in part to reduce the cost of generating 
renewable energy, this is a type of quota support which as discussed in Section 4.1.1 has some 
flaws. 
A report for the US Department of Energy (DOE) [47] investigates the FITs of several nations. 
According to this report, a large number of European countries have tariffs in place not just for 
rooftop solar, but also onshore and offshore wind, large-scale solar and biogas. FITs vary widely 
in value and duration, but in case studies by the DOE they are typically !0.06–0.13/kWh (in 
2008 currency) and last for up to 25 years of production.  
The report also discussed Canada’s several approaches to the FIT. The Government of Ontario 
brought in an FIT that provides CAD$0.11/kWh over the 20 year period of the contract for all 
renewable energy except PV. This approach has seen a rapid increase in installed capacity of 
onshore wind. The government of British Columbia took a different approach, tendering for 
projects that would accept approximately CAD$0.05/kWh; this method has little influence on 
renewable energy uptake in the region.  
In the USA the report found that FITs usually apply to systems smaller than 1.5 MW in capacity 
and  that  they  vary  by  state.  These  FITs  have  variable  contract  lengths,  although  they  are 
typically greater than five years.  PEC624 DISSERTATION                       FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA                                                                                                                        
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The DOE report determined three major factors that guarantee a FIT’s success.  
These factors are:  
•  No size quota 
•  20 years guaranteed revenue, and  
•  Financing security. 
A number of studies agree that Europe’s  FITs  assist  in  offshore  wind  and  other  renewable 
energies’ commercial success [56, 57]. Based on overseas experience, a FIT for large-scale 
renewable energy could be of benefit in Australia, particularly for on- and offshore wind. The 
Danish FIT in particular, using competitive bids to set the tariff, has the possibility of reducing 
the cost whilst keeping an offshore wind project viable [58]. This scheme has some similarity to 
the  LGC  quota  system  now  used  in  Australia; h o w e v e r ,  i t  c o u l d  p r o v i d e  m o r e  c e r t a i n t y  o f  
income. In the small-scale renewable energy sector, there are FIT’s working together with the 
SGC scheme. Unfortunately, there is a lack of consistency or longevity in Australia’s state run 
FIT schemes [55]; the Victorian FIT has changed four times in two years. A commitment to a FIT 
in the style of the small-scale industry in Australia is unlikely to provide any certainty for large-
scale renewable energy development investment. 
!"#"!  Financing 
The  European  Wind  Energy  Association  (EWEA)  reported  in  June  2011  that  more  than  20 
banking institutions were now willing to provide firm credit approval to accept offshore wind risk. 
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German  projects,  is  expected  to  provide  cheaper  funding  to  the  offshore  sector.  It  is  also 
expected to be a major step in the development of non-recourse
1 funding in Germany [59]. 
In Australia, the Federal Government has recently formed the Clean Energy Finance Corporation 
(CEFC), which may assist with financial loans for large-scale renewable energy, thus unlocking 
new private investment into clean energy projects and related businesses. This has the potential 
to increase the feasibility of offshore wind in Australia by encouraging investment. 
Renewable energy development however, is unlikely to be developed above the RET, even with 
better funding.  Using the LGC scheme, renewable energy capacity greater than the target set 
will not be able to sell its certificates for income, offsetting the benefit of having greater certainty 
in  finance.  An  FIT  system  that  is  not  limited  by  a  quota  would  work  better  with  private 
investment for offshore wind, guaranteeing an income that the LGC scheme doesn’t. 
!"#"$  Grants and Other Schemes 
The Australian Federal and State Governments provide a number of one off grants under a 
variety  of  schemes  (see  Appendix  E).  A  significant  funding  scheme  is  the  Solar  Flagships 
program funded by the Federal Government, providing (AUD 2011) $1.5 billion for 1,000 MW of 
large-scale solar where the projects are at least 150 MW in capacity. This works out to AUD 
(2011)  $1.5M/MW,  at a  2 0 –25%  capacity  factor  (typical  of  large-scale  solar  PV  or  thermal 
without storage in Victoria[17]).  
The estimated project cost of large-scale solar is approximately $3.5–11M/MW [31, 60-63]. The 
project cost for recent offshore wind farms is approximately $3.8–6.1M (see Appendix A), which 
                                                 
1 A loan where the lending bank is only entitled to repayment from the profits of the project the loan is 
funding, not from other assets of the borrower. 
 
Read more: http://www.investopedia.com/terms/n/non-recoursefinance.asp#ixzz29djq2sP4 
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is comparable to the current price of large-scale solar. The Solar Flagships funding model can 
reduce the large-scale solar project cost by $1.5M/MW, bringing the private investment amount 
down to that of onshore wind (see Appendix B), which attracts the majority of investors. If a 
similar scheme were to be introduced for offshore wind, this would significantly improve the 
economic viability of offshore wind and encourage private investment.  
In  other  countries  various  schemes  have  been  successfully  employed  that  go  beyond 
government funding. A good example is seen in Denmark. Here, onshore and offshore wind 
installations are often owned by cooperatives, which result in the community having a financial 
interest in the success of the wind project. In Australia, this can be seen on a smaller scale, with 
the success of the onshore wind farm Hepburn Wind. These sorts of schemes demonstrate that 
different funding models exist that can provide an alternative pathway for installations. 
4.2  Planning Approval and Regulations 
The  planning p r o c e s s  f o r  o f f s h o r e  w i n d  c o m p r i s e s  a b o u t  1 0 %  o f  a n  o f f s h o r e  w i n d  
developments  capital  costs  [19].  The  longer  a  developer s p e n d s  gaining  the  necessary 
approvals to build the project, the less likely it is that the project will succeed. Longer processes 
are also more likely to restrict offshore wind to large companies who have the resources to 
remain with the project after delays. Delays can come from any part of the planning process; 
from  a  lack  of  existing p l a n n i n g  r e g u l a t i o n s ,  t o  o n s h o r e  s u b s t a t i o n  s i t i n g  i s s u e s ,  t o  p u b l i c  
opposition, to name a few. 
In Australia, there is no marine energy policy for site exploration and development, however, but 
there  are e x i s t i n g  c o a s t a l ,  a n d  o i l  and  gas  regulations  regarding  marine  development  and 
exploration  [30].  The  first  offshore  wind  proposals  would  encounter  the  most  difficulty  with 
achieving planning permission. After the first occurrence, regulations specific to the industry 
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countries utilising offshore wind technology. This would speed up the process and reduce the 
costs.  
The  following  sections  will  discuss  the  process  of  gaining  approval  for o f f s h o r e  w i n d  
development, what existing policy in Australia could be applicable, and other aspects of the 
planning process that need to be considered. 
!"#"$  Levels of Approval 
In the USA, projects currently in the planning phase have to seek numerous planning permits, 
from  various  levels  of  government,  depending  on  how  far  offshore  the  project  will  be.  The 
following statement by Cape Wind’s developer highlights why policy and regulation could deter 
companies from offshore wind  
Cape Wind needed approval from the Cape Cod Commission in Massachusetts, a license from the 
Massachusetts Department of Environmental Protection (MDEP), a water quality certification from the 
MDEP, road permits and conservation commission approvals from two counties within Massachusetts 
as well as approval from the Massachusetts Highway Commission. Additionally, the U.S. Department 
of the Interior, the Army Corps of Engineers, the Advisory Council on Historic Preservation, and the 
Federal Aviation Administration had to certify the application. The Massachusetts Energy Facility Siting 
Board had to voice its approval, as well. Only after all of these approvals and certifications had taken 
place could Cape Wind begin construction [64]. 
The Cape Wind Project in the USA is going into its 11th year as a result of this convoluted 
planning process. In many parts of Europe, the planning process for offshore wind applications 
has been streamlined, bringing the typical planning phase into the order of four years [65]. This 
results i n  d e c r e a s e d  p r o j e c t  c o s t s  a n d  r a p i d  d e v e l o p m e n t  o f  o f f s h o r e  s i t e s .  The  UK  and 
Portugal have a dedicated system to facilitate planning and permission for all marine energy 
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sought for an offshore wind development in Australia, significant delays could be experienced 
along the lines of the Cape Wind project in the USA.  
In Australia, offshore wind energy located beyond 3 nautical miles (nm) could require planning 
permits from three levels of government: the Federal Government for siting of the turbines, the 
State government for undersea cables and substations between 0-3 nm, and the local council 
for any onshore structures. This could cause significant setbacks in the planning process. In 
Europe, although planning approval is streamlined, projects can still run into planning issues 
because the development passes through multiple jurisdictions. RenewableUK, in its State of 
the Industry Report 2011 [66], described a problem one developer ran into. Dudgeon Offshore 
Wind Farm, had approval for the actual offshore wind development in the ocean. The local 
planning  ministers,  however,  rejected  the a p p l i c a t i o n  f o r  t h e  o n s h o r e  s u b s t a t i o n  t h a t  w a s  
necessary to connect the project to the grid. It was estimated that this action could delay that 
project development by two years, and this resulted in the developers reviewing their options. 
According t o   RenewableUK,  there  is  a  growing  concern  about  the  low  rates  of  planning 
approval for land-based infrastructure necessary for offshore wind development to proceed, 
partially  fuelled  by  the  creation  of  a  National  Planning  Policy  Framework.  This  shows  the 
importance of an appropriate planning process, defined by the government at all levels in order 
to reach agreement. 
If considering a marine energy policy, the experience of offshore wind developments in the USA 
versus  those  in  Europe  would  be  important  to  consider  in  shaping  the  process,  to  reduce 
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!"#"#  Marine Policy 
The following have been identified as inconsistencies in policy for the marine energy sector in 
Australia [30]: 
•  Different requirements for oil/gas exploration to that of offshore energy. There is a well-
established system of exploration/mining licences for the former. Unlike oil/gas, renewable 
energy operators can prospect for sites but do not have exclusive rights for access to these 
sites if they want to use them 
•  Excessive environmental impact requirements for low impact or trial systems 
Existing issues with marine policy in Australia are discussed in the following sections. 
4.2.2.1  Environmental Impact Assessment 
Before offshore wind structures can be built, an environmental impact assessment (EIA) must 
be undertaken. Planning in Australia could prove lengthier than counterparts in Europe due to 
lack of an efficient method of obtaining approval following an EIA, at least with marine energy 
applications.  
Tenax Energy,  an Australian t i dal  ener gy oper at or ,  hi ghl i ght ed t he exi st i ng di f f i cul t y wi t h the 
process of obtaining an EIA for marine energy:  
The difficulty with marine energy is that it is the government that is the landholder. When you apply for 
a government lease, you effectively have to lodge an environment effects statement or referral, which 
means you are putting the cart before the horse. You are not doing your feasibility studies before you 
lodge the documentation. You have to lodge the documentation, then do you feasibility studies or 
finalise them. If the government does not give you access to the land, then you cannot effectively do 
your feasibility studies and you cannot commence with environmental approval processing. [67] 
In  Europe  the  Environmental  Impact  Assessment  process h a s  b e e n  l a r g e l y  s t r e a m l i n e d .  A n  
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agency b e i n g  c h a r g e d  w i t h  o f f s h o re  structure  approval  outside  12  nm f r o m  t h e  c o a s t .   An 
environmental impact study on the entire area of coastline was conducted and regions zoned 
where offshore energy would be likely to gain EIA approval. This saves the energy companies a 
significant amount of time and money.  
The German "Seeaufgabbengesetz" (Federal Maritime Responsibilities Act) and the UN law of 
the sea provide the following [68]: 
A wind farm project has to be approved provided that:  
•  It does not impair the safety and efficiency of navigation, and 
•  It is not detrimental to the marine environment 
A similar model could be adopted in Australia to help expedite feasibility studies which could 
then result in faster commercial outcomes. 
!"#"$  Land-based Policy 
There are a number of onshore wind farm planning guidelines in Australia. In South Australia, 
the  guide  is  issued  by  Planning  SA  [69],  and  in  Victoria,  a  guide  has  been  issued  by  the 
Department of Planning and Community Development, of the State Government. In Victoria, 
recent  changes  in  legislation  include  mandatory  setbacks  of  2 k i l o m e t r e s  f r o m  r e s i d e n t i a l  
dwellings unless consent is given by the resident [70]. This could have the outcome of reducing 
the number of available sites onshore. This, in turn, could increase the attractiveness of other 
renewable technologies for future i nvestment, particular that of offshore wind. In  addition,  if 
offshore projects are located near major cities it could be possible to avoid expensive and time 
consuming upgrades to rural transmission lines. 
The most onshore wind development in Australia is in South Australia (see Appendix B, Table 
B-1).  This  indicates  that  South  Australia’s  onshore  wind  development  policy f r a m e w o r k  i s  
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Australia and given the relatively small population density in most of the state, there is unlikely to 
be a need to move to offshore wind. 
!"#"!  Transmission 
Transmission line ownership and operation in Australia currently has no incentives to create 
more transmission lines than are necessary for any given project. This will result in additional 
costs  and  potential  for  doubling  up  of  infrastructure  for  future  projects  [71].  At  present  the 
project operator must pay for transmission line installation, which they cannot then lease or 
own, and therefore there is no incentive to make a larger investment into the grid infrastructure 
at all [40]. This applies to both offshore and onshore transmission infrastructure. 
In t h e  U K  a  s y s t e m  of b i d d i n g  f o r  o w n e r s h i p  a n d  o n g o i n g  m a n a g e m e n t  o f  t r a n s m i s s i o n  
infrastructure is in place [30, 72]. This provides incentives to install extra transmission from the 
beginning in anticipation of sharing of the network and increasing the potential profit margins for 
the  investing  company.  Texas in the USA also has a transmission scheme designed as an 
incentive for future proofing [40]. 
As  transmission  installation  costs  are  very  high,  minimising  the t r a n s m i s s i o n  distance  for  a 
project would be a priority. Some of the potential offshore wind sites identified in Section 3.1: 
Factors Involved in Siting have the advantage of having good resources very close to major 
coastal  cities,  and  their  corresponding  major  transmission  networks.  Two  examples  are  the 
sites Melbourne and Perth, identified by the Messali/Diesendorf study. The Melbourne sites are 
approximately 13 and 20 km from the city centre. The Perth site is approximately 17 km from 
the mouth of the Swan River and Fremantle. Other sites identified are also close to regional 
centres,  such  as  Geraldton,  Wollongong,  Gladstone  and  Mackay. T h e  e x t e n t  o f  u r b a n  
Melbourne is greater than the 20 kilometres distance of the further potential offshore wind site 
suggested. Within Melbourne’s urban area it is unlikely that large-scale onshore wind projects 
would be built.  PEC624 DISSERTATION                       FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA                                                                                                                        
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!"#"$  Impact on the Public 
A paper analysing the public’s perception of offshore wind by C.Haggett of the University of 
Edinburgh  [15]  highlights h o w  t he  community’s o p i n i o n  m u s t  b e  c o n s i d e r e d  a s  m u c h  w i t h  
offshore as onshore developments. This paper finds that public opposition can hold up offshore 
wind project planning approval just as it does for onshore wind. It recommends that the public 
should be included in decision-making for offshore wind projects, just as for onshore wind, as 
they have a key role in the planning success of offshore wind farm. Some of the issues raised 
by the public are discussed in further detail below. 
4.2.5.1  Visual Impact 
In Australia and the USA there are large expanses of non-industrialised natural coastline; this 
could lead to public opposition to offshore developments due to potential visual disturbances. 
Public opposition to the Cape Cod offshore wind farm is largely due to aesthetics and has been 
a  key  factor  in  this  particular  project’s d e l a y s   [2].  One  of  the  advantages  of  offshore  wind 
technology  is  that  turbines  can  be  placed  further  away  from  residents,  reducing  the  visual 
impact when compared to onshore wind developments, but they are often still visible from the 
shoreline. 
4.2.5.2  Attachment to the Local Area 
The Haggett paper found that negative responses to offshore wind development were more 
likely in areas perceived to be beautiful and valuable by the locals. People in areas of low worth, 
where  the  visible  landscape  was  already  “scarred”  with  industrial  development  or  areas 
perceived to be in decline economically or physically were more likely to respond positively to 
offshore  wind  development. A u s t r a l i a ’ s  c o astline  is  much  less  developed  than  in  many 
European countries, and the locals on the remote coastline are more likely to be opposed to 
offshore development than in an industrialised city. Therefore, offshore wind could find less 
public opposition for developments close to industrialised regional centres than typical small 
seaside towns. PEC624 DISSERTATION                                       FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA                                                                                            
 
Page 46 of 103 
4.2.5.3  Lack of Tangible Benefits 
People are more likely to be concerned with risks and benefits for the local coastal area than the 
global benefits of offshore wind. Direct economic benefit is important to locals. Visible change to 
the local environment is more obvious to the local than the potential benefits on a global scale. 
People were more likely to respond positively to an offshore wind development if there were 
direct benefits such as cleaner air quality, cheaper electricity or boosts in local industry. 
4.2.5.4  Relationship with Developers and Outsiders 
Following on from the tangible benefits, less opposition is met for community group developed 
wind farms than distant corporations.  Local government-developed projects were also seen 
more  positively  than  private  projects.  Table  B-1  (Appendix  B)  lists  the  developer  of  each 
commissioned (at June 2012) onshore wind project in Australia.  Here, private corporations 
have developed most onshore wind projects. It is likely that offshore wind will be proposed by 
the same set of developers. A notable exception for onshore wind projects is the Hepburn Wind 
project,  a  community  development i t  t h e  w e s t  o f  V i c t o r i a .  This  development  is  the  first 
community-based onshore wind farm and has received positive response from locals [73]. 
4.2.5.5  The Role of Planning and Decision-Making Systems 
Opposition can come from people perceiving that they have no voice or power in the decision 
making process, with key concerns of locals not being responded to. A lack of trust in the 
decisions made on offshore wind developments is also significant in the UK, and a questioning 
of  the  motives  of  the  developer.  In  this  context,  it  is  important  to  involve  the  public  in  the 
planning and decision making process, giving the local stakeholders a sense of control. This will 
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5  Economic Analysis Through Levelised Costs 
In this section, a number of elements of economics will be considered, with the final goal of 
estimating the cost of offshore wind if a development were to be commissioned in 2012 in 
Australia. 
First a cost breakdown of offshore wind will be presented to show where the investment goes 
into offshore wind development. 
The next step is to look at the relative cost of offshore wind to other technologies overseas. This 
will be done using the industry standard Levelised Cost of Energy (LCOE). The cost of offshore 
wind  is  compared  to  its  closest  competition:  onshore  wind.  Additionally,  it  is  compared  to 
existing  and  emerging  types  of  coal-fuelled  power  stations ( i n c l u d i n g  C a r b o n  Sequestration 
(CSS)) to show the difference in cost if Australia continues to expand coal power production. 
Finally, a comparison to large-scale solar (thermal and PV) technologies is made because at 
present, Australia is providing a significant amount of funding to develop solar technologies 
which are considered high cost compared to onshore wind [74]. 
As well as comparing the cost of offshore wind to other technologies, a comparison will be 
made between the reported costs of offshore wind from different sources.  
A sensitivity analysis to determine what is likely to influence the cost of offshore wind in Australia 
will then be shown.  
Finally the carbon tax will be considered, to see how it affects the economic viability of offshore 
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Table 5-1 lists a number of assumptions have been made in this economic and related analysis.  
Table 5-1: Assumptions for this Analysis 
Item  Factor 
Currency ($)      All currency is reported in 2012 Australian Dollars (AUD), unless otherwise stated 
O&M  Spread evenly over the lifetime of the project and incorporates replacement costs. 
This is only used for a sensitivity analysis and does not affect the outcome of this 
study. 
Real vs. Nominal Discount Rate  dn = dr + e [74], i.e. 7 % real with 3% inflation converts to approximately 10% 
nominal.  
Cost of Carbon Tax:  Initially $23/tonne [50]  
Projected of data:  2012 
Exchange Rates  Obtained from xe.com. See Appendix F for full rates used 
Inflation Rates (for converting 
from 201X to 2012 AUD dollars) 
Obtained from 'Rate Inflation', which lists Australian inflation rates. See Appendix 
G for rates used. 
5.1  Cost Breakdown of Offshore Wind 
In this section, an overview of the costs associated with a typical offshore wind energy project is 
presented. Table 5-2 below provides an approximation of the expected breakdown of costs 
over the project lifetime. These values have been reported from a Douglas Westwood study 
commissioned  for  Norway  [19],  but  refer  to  the  existing  cost  breakdown  in  Europe.  The 
breakdown was determined by getting the CAPEX and OPEX costs for recent offshore wind 
projects, then breaking them down into the major components [19]. This means the breakdown 
could include various foundation types (with the exception of floating which is not present at full 
scale offshore wind farms).  
Table 5-2: Estimated Breakdown of Offshore Wind Project drawn from recent offshore wind developments (Douglas 
Westwood [19]) 
Item  Approx % 
Capital  90 
O&M  2.3 
Offshore Substation Costs  7.7 
Total  100 
 
Figure 5-1 below shows the estimated cost breakdown (all costs) for a number of other studies 
published before the Douglas Westwood study. The key difference is in the O&M assumption. 
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and 30% of the cost; this is in stark contrast to Douglas Westwood that considers O&M to 
make up only 2.3 % of a projects overall costs. This could be due to exclusion of certain costs 
from the Douglas Westwood study that are included in the other reports. The age of most of 
these  reports  must  be  considered  as  well;  learning  rates  means  that  the  costs  now  for 
maintenance may be significantly less than 5-10 years ago. It is also possible that the capital 
and substation costs are significantly higher in the Douglas Westwood study than the earlier 
studies identified in the NREL report. This would make the relative cost of O&M smaller, even if 
the overall cost is higher. 
 
Figure 5-1: Collection of Estimated Lifecycle Costs of Offshore Wind in Shallow Water (source: NREL [2]) 
Capital costs comprise the majority of the project’s lifetime costs according to both Douglas 
Westwood and the above figure; therefore, a rough indication of a project’s lifetime cost could 
be calculated as approximately 110-130 % of the capital cost. These costs however relate to 
European offshore wind projects only. Asia has a number of offshore wind developments now, 
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that of Europe. Australia's proximity to Asia could see it's capital costs aligning more with an 
Asian cost breakdown, with the exception of labour costs. Additionally, costs for North America 
are likely to be different to those in Europe.  
!"#"#  Capital Costs 
Figure 5-2 shows an approximate breakdown of expected capital costs for offshore wind in 
Europe according to Douglas Westwood. 
 
Figure 5-2: Estimated Breakdown of Capital Costs for Offshore Wind (monopile foundation, Douglas Westwood) 
A comparison of this with other earlier reports (NREL, Figure 5-3) finds that the breakdown of 
capital costs is fairly consistent between reports. PEC624 DISSERTATION                       FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA                                                                                                                        
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Figure 5-3: Collection of Estimated Capital Costs for Offshore Wind, source: NREL [2] 
Wind turbine costs are the largest component of capital costs in the above figures, and in 
Australia,  this  equipment  is  likely  to  be  imported  from  overseas,  at  least  for  the  first 
developments. It is assumed that the equipment will be imported from Europe, however, China 
is emerging onto the offshore wind scene and it is possible that Australia would obtain offshore 
turbine equipment from this China instead of Europe. In the onshore market in Australia, some 
turbines  are  already  supplied  from  China  [75].  The  strong  exchange  rate  at  present  may 
decrease the cost of turbines relative to local costs, but the shipping costs may offset any 
savings. Labour costs are a small percentage of the ongoing and overall lifetime project cost. 
Any increase in these costs is unlikely to affect the economic feasibility of an offshore wind 
project. 
A 2012 BREE report prepared by the Bureau of Resources and Energy Economics (BREE) for 
Australia assumes a simplified cost breakdown for offshore wind, based on the results reported 
in a report from the USA by the National Renewable Energy Lab (NREL) in 2010. The estimated 
breakdown resembles the cost breakdown in Figure 5-3. PEC624 DISSERTATION                                       FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA                                                                                            
 
Page 52 of 103 
The  following  sections  describe  the  capital  cost  components  as  defined  in  the  Douglas 
Westwood report. 
5.1.1.1  Turbine Costs 
Wind turbine costs make up the majority of the capital costs in a project. Turbine cost depends 
on raw material prices such as steel as well as the available supply. Europe has been the main 
source of most offshore wind componentry; however China has recently entered this field with 
its less expensive manufacturing processes which may affect pricing. 
5.1.1.2  Foundation Costs 
There are a number of foundation options available: gravity base structures, monopile, tripod, 
jacket and floating foundation. Table 5-3 below gives details of costs estimated by Douglas 
Westwood.  They  have  been  estimated  as  an  average  of  recently  installed  and  upcoming 
projects where the foundation costs are known [19]. 
Table 5-3: Foundation Costs at 2012 AUD Pricing [19] 
Cost (AU 2012 $ Million/MW)  Depth (metres) 
GBS  Monopile  Jacket  Tripod  Floating 
0-19  0.5  0.8  0.6  0.9  N/A 
20-29  0.7  0.9  0.8  1.3  N/A 
30-39  1.1  1.3  1.2  1.4  N/A 
40+  1.6  1.6  1.6  1.6  1.6 
 
The cost of the various foundation types increases with depth, but at around 40 metres the 
prices converge, meaning that any of the approaches are just as viable. Floating foundations, 
the newest technology, are likely to be the preferred option at these depths.  
The greatest depth considered in the Australian reports is 17 metres in the Messali/Diesendorf 
paper and 10-30 metres in the Jeng/Zheng paper (discussed in detail in Section 3).  
At these depths, the gravity base structure or monopile are the cheaper options and are likely 
options for proposed offshore sites in early Australian offshore wind developments. PEC624 DISSERTATION                       FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA                                                                                                                        
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5.1.1.3  Electrical Infrastructure 
The cost of electrical infrastructure includes the cost of transmission lines on- and offshore, as 
well as offshore transformer substations in the Douglas Westwood capital cost breakdown and 
LCOE  estimate.  It  does  not  include  the  labour  or  other  costs  required  to  install  the 
infrastructure. 
In many instances, the onshore transmission is owned and operated by a separate entity to the 
offshore wind provider, with varying degrees of obligation to share the costs [65]. For example, 
two companies were required by state decree to build/operate the Horns Rev installation in 
Denmark:  one,  Elsam,  developed  and  built  the  offshore  wind  farm,  and  the  other  was 
responsible for setting up the offshore platform and transmission grid. Both companies are the 
owners, and both companies are responsible for the costs [65]. In Australia, the owner of the 
transmission line is not the same as the owner of the energy development, as highlighted in 
Section 4.2.4: Transmission. 
The LCOE cost is therefore not just the cost to the developer but also often the overall cost to 
get the energy to the end user. Table 5-4 lists indicates whether on-shore transmission costs 
were included for LCOE estimation for each of the sources in this paper. 
5.1.1.4  Installation 
Douglas Westwood breaks the cost of installation into three components: 
•  Turbine Installation (20%)  
•  Foundation Installation (50%) 
•  Electrical Installation (30%) 
Australia’s existing offshore oil and gas industry is likely to have the necessary equipment and 
skills to complete electrical and foundation installation at a similar cost to in Europe, possibly 
with the exception of wind-specific offshore subsea transformers. Specific vessels built for the 
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for foundation installation, although generic offshore construction vessels and platforms are just 
as common for this process [19]. The cost to either construct or import specialist vessels from 
Europe to perform offshore wind installation is likely to increase this cost relative to other project 
costs. 
5.1.1.5  Planning and Development 
Pre-development costs vary depending on the amount of work required prior to each project’s 
construction. In addition, costs will vary depending on the requirements set out in the federal or 
state regulations for energy development. Due to the fact that Europe has strong government 
support pre-development costs are likely to be less than the first projects in Australia.  
!"#"$  Operation and Maintenance 
Operation and Maintenance (O&M) costs comprise less than five percent of an offshore wind 
project’s lifetime costs according to the Douglas Westwood report. This value is much lower 
than the other estimates in Figure 5-1, but the Douglas Westwood report is more recent, so it is 
possible the costs of operation and maintenance have reduced over time. 
The following figure shows Douglas Westwood’s estimate of the current cost breakdown of 
O&M in Europe, based on data from recent offshore wind developments where it was available. PEC624 DISSERTATION                       FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA                                                                                                                        
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Figure 5-4: Estimated Breakdown of O&M Costs for Offshore Wind (Douglas Westwood [19]) 
The overall costs of O&M may be higher in Australia due to relative global isolation, open seas 
susceptible to storms/damage and high labour costs, but it is likely that O&M cost breakdown 
will be similar to this. 
5.2    The Levelised Cost of Offshore Wind 
In this section, the levelised cost of offshore wind in Australia will be estimated and cost of 
offshore wind will be compared to other existing and emerging energy technologies. 
!"#"$  The Concept of Levelised Costs 
The Levelised Cost of Energy (LCOE) is an industry standard for determining the relative cost of 
energy technologies. It indicates the price per unit of energy to recover the cost of the project 
over an assumed lifetime.  
I.e. LCOE = Total Life Cycle Cost /Discounted Number of Units of Energy Produced 
The total life-cycle cost of a project depends largely on the cost of the following: 
•  Capital Costs 
o  Raw  materials  and  manufacturing  (e.g.  turbine  and  tower  construction/ 
purchase) 
o  Pre-development (e.g. environmental impact assessments and planning) PEC624 DISSERTATION                                       FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA                                                                                            
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o  Construction 
•  Operation and maintenance (e.g. labour) 
•  Taxes, Incentives and Financing 
•  Interest Rate (where used. In this report, interest rate is not included) 
The units of energy produced are a function of the capacity factor: the average output as a 
percentage of the rated output. 
Equation 1 below shows an example LCOE formula used by the energy industry.  
 
Equation 1: A Typical Formula used for Calculating Levelised Costs of Individual Projects [7]
  
 
 
 Where: 
 
LCOE =  Average lifetime levelised electricity generation cost 
It  =  Investment expenditure in the year t (typically largest in the first years, depending 
on the duration of construction.) 
Mt  =  Operations and maintenance expenditure in the year t (in calculations, other costs 
(such as a carbon price) may be added in to this variable or separately) 
Ft  =  Fuel expenditure in the year t (where applicable) 
Et  =  Electricity generation in the year t (assumed constant) 
r  =  Discount rate (real, dn) 
n  =  Lifetime (years)   
 
This is an example of a real dollar formula, as inflation is not considered. However, sometimes 
the discount rate is chosen to include the effect of inflation making it a nominal discount rate 
(dn). Other approaches include adding the inflation rate on top of a real discount rate as follows:  
 
This would then replace the usual (1+r)
t in the LCOE formula in Equation 1. 
20  "VTUSBMJBO&OFSHZ5FDIOPMPHZ"TTFTTNFOUt
2.4 Levelised Cost of Energy (LCOE)
LCOE is the most commonly used tool for measuring and comparing electric power 
generation costs. It reﬂects the minimum cost of energy at which a generator must sell the 
produced electricity in order to breakeven. It is equivalent to the long-run marginal cost of 
electricity at a given point in time because it measures the cost of producing one extra unit of 
electricity with a newly constructed electricity generation plant. 
The calculation of LCOE requires a signiﬁcant number of inputs and assumptions. The formula 
for calculating LCOE and its component parts are deﬁned below.
LCOE =
It + Mt  + Ft
Et
(1+ r) 
t
(1+ r) 
t
n
t =1
t =1
n
Where:
t LCOE = Average lifetime levelised electricity generation cost
t It = Investment expenditure in the year t
t Mt = Operations and maintenance expenditure in the year t (in calculations, other costs 
(such as a carbon price) may be added in to this variable or separately)
t Ft = Fuel expenditure in the year t
t Et = Electricity generation in the year t
t r = Discount rate
t n = Amortisation period
and
! 
1+ i
1+ r
" 
# 
$ 
% 
& 
' 
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Many reports do not reveal the exact method of determining their LCOE values; most will use a 
modified version of the above method, with their own set of assumptions. Therefore it is not 
expected that any two will give the same result for the cost of offshore wind. 
!"#"#  Reports giving LCOE for Offshore Wind and Other Technologies in Recent Years 
A number of recent reports look at the LCOE of offshore wind, and some of these reports 
compare the cost of offshore wind to other technologies; these may be renewable or other 
energy generators. In this analysis, data from a selection of reports is compared to determine a 
range of costs for offshore wind in Australia. Some of these reports provide figures that are not 
directly comparable to those in other reports. There are a number of methods to compare the 
results however. The details of these reports are described below.  
Name  Australian Energy Technology Assessment 2012 
Source  Bureau of Resources and Energy Economics (BREE) [7] 
Year  2012 
Country  Australia 
Details  An update to the AEGTC series of documents. Includes consideration of the carbon tax. Written 
for  the  BREE  with  assistance  from  Worley  Parsons,  using  data  from  the  ACIL  Tasman/EPRI 
studies (AEGTC 2010/2011) as a base. 
 
Name  Australian Electricity Generation Technology Costs - Reference Case 2011 (AEGTC 2011) 
Source  ACIL Tasman [74] 
Year  2011 
Country  Australia 
Details  ACIL Tasman was commissioned by the Australian Energy Market Operator (AEMO) to conduct 
a update in 2011 for both AEMO and the Federal Department of Resources, Energy and Tourism 
(DRET),  of  generation  cost  data  provided  within  the  report  “Australian  Electricity  Generation 
Technology Costs – Reference Case 2010” (AEGTC) authored by the US based Electric Power 
Research Institute (EPRI) 
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Name  Review of the Generation Costs and Deployment Potential of Renewable Electricity Technologies 
in the UK 
Source  ARUP/DECC [72] 
Year  2011 
Country  UK 
Details  Arup was commissioned by the Department of Energy and Climate Change (DECC) in 2010 to 
look at the potential and generation costs of renewable electricity technologies in the UK. 
 
Name  Costs of Low-Carbon Generation Technologies 
Source  Mott Mac Donald [76] 
Year  2011 
Country  UK 
Details  Mott  MacDonald  was  commissioned  by  the  Committee  of  Climate  Change  (UK)  in  2010  to 
undertake a high level analysis of the current and future costs of renewable and other low carbon 
generation technologies. 
 
Name  Powering the Nation Update 2010 
Source  Parsons Brinckerhoff [77] 
Year  2010 
Country  UK 
Details  Parsons  Brinckerhoff  issued  the  original  Powering  the  Nation  report  in  2006  to  provide  a 
comprehensive perspective on power generation costs. The report was updated in 2008 and 
again in 2010, drawing on recent data. It reports the LCOE of most energy technologies. 
 
Name  Large-Scale  Offshore  Wind  Power  in  the U n i t e d  S t a t e s :  A s s e s s m e n t  o f  O p p o r t u n i t i e s  a n d  
Barriers 
Source  NREL [2] 
Year  2010 
Country  USA 
Details  Published  by  NREL  (National  Renewable  Energy  Laboratory),  this  report  provides  a  broad 
understanding of today’s wind industry and the offshore resource, as well as the associated 
technology challenges, economics, permitting procedures, and potential risks and benefits. Two 
options for discount factor are provided in this report. In addition, a third option is extrapolated 
from a graph provided in the report. 
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Name  Offshore Wind Assessment for Norway 
Source  Douglas Westwood [19] 
Year  2010 
Country  UK 
Details  Douglas-Westwood  is  an  independent  company  that  carries  out  business  research  for  the 
international energy industries. It carried out an analysis on the offshore wind assessment for 
Norway, at the request of the Research Council of Norway. The data is drawn from international 
sources but costs are presented in Norwegian kroner. 
 
Name  Studie  Stromgestehungskosten  Erneuebare  Energien  (Studies  of  Power  Costs  of  Renewable 
Energy) 
Source  Fraunhofer ISE [78] 
Year  2012 
Country  Germany 
Details  A  2012  update  to  the  2012  paper  of  the  same  name.  Compares  the  cost  trends  of  solar 
photovoltaic, solar thermal and wind turbines. Includes financing/investment costs. 
Discount  factors  are  the  "weighted  average  cost  of  capital" ( W A C C )  f o r  e a c h  t e c h n o l o g y .  
Therefore the discount factor is different for each source. Onshore wind is 5.9 % and offshore 
wind is 9.8 %, Solar PV (in Germany) is 5.1 %, and Spanish Concentrating Solar Thermal is 
9.9%. Annual operating cost for offshore wind is 0.030 euro/kWh. 
 
Name  Evolución  tecnológica  y  prospectiva  de  costes  de  las  energías  renovables  (Technological 
evolution and future of renewable energy costs) 
Source  IDAE [79] 
Year  2011 
Country  Spain 
Details  Study on the evolution of technology and prospective costs for renewable energy 2020-2030, 
and develop a plan of renewables between 2011-2020 
 
Name  Economics of Wind Energy 
Source  Blanco [80] 
Year  2009 
Country  Spain 
Details  A  journal  article  by  a  student  from  Spain,  looking  at  wind  in  the  UK  and  Denmark,  and 
determining the sensitivities of LCOE 
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Name  Wind  Power,  Concentrating  Solar  Power  (from  the  Renewable  Energy  Technologies:  Cost 
Analysis Series) 
Source  IRENA [81, 82] 
Year  2012 
Country  International. In US Dollars 
Details  Based  on  a  range  of  data  sources  with  the  objective  of  developing  a  uniform  dataset  that 
supports comparison across technologies of different cost indicators - equipment, project and 
levelised cost of electricity. It allows for technology and cost trends, as well as their variability to 
be assessed. This is the only broad international study used in this analysis. 
 
Name  Levelised Cost of New Generation Resources in the Annual Energy Outlook 2011 
Source  EIA (US. Energy Information Administration) [83] 
Year  2010 
Country  USA 
Details  The Annual Energy Outlook is a yearly publication. The report projects costs out to 2035 for low 
and high economic growth and oil prices. The section that refers to the cost of offshore wind is 
not in the main document (Annual Energy Outlook 2011). Instead, it is available on the EIA 
website as part of the extended information that accompanies the report. 
The costs reported are national averages. For wind, the range is large because they assume in 
some regions the best sites are already taken for other uses in 2016 (high cost), whereas in 
other regions the best sites are available (low cost). 
 
Table 5-4 below shows the assumptions made in each study. These assumptions are key to 
whether the data from one report is directly comparable to others or not. The implications of 
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Table 5-4: Assumptions/Parameters used in each Study 
Offshore Wind 
Source 
Real or 
Nominal  Discount  Inflation  Pre-Tax  Lifetime 
Capacity 
Factor 
Pricing 
Referred 
To  Year Projected 
BREE 2012  Real  10    Y      2012  2012 
Fraunhofer 2012  Nominal
1  9.8
1  2    20  31 – 45  2012  2012 
IDEA 2012  Nominal  7.8  2.3  N  20  37.7  2010  2010 
IRENA 2012 a  Real  10      20  40-50  2010  2010 
IRENA 2012 b  Real  10      20  38  2010  2010 
EIA 2011  Real  7.4
5    N  30  34  2009  2016 
AEGTC 2011  Real 
8.78-
11.37
5 
2.5  Y  20  -  2010  2015 
ARUP 2011  Real  11.6      20  38  2011  2010 
Mott Mac 2011  Real  12    Y  20  38  2011  2010 
PB 2010  Real  10        -  2010  2010 
DW 2010  Real
12  7      20  38  2010  2009-2010
6 
NREL 2010 (7)  Real
3  7        35  2010  2010-15 
NREL 2010 (10)  Real
3  10        35  2010  2010-15 
NREL 2010 (16)  Real
3  16        35  2010  2010-15 
Blanco 2009  Nominal
4  7.5
4  3  Y  20  NA  2008  2008
6 
1The report mentions inflation but does not specify whether this is incorporated into the LCOE calculation. This is 
assumed. 
2Independent "real" calculation using DW input parameters give a similar result. This suggests that there is no 3% 
inflation on top of the 7% discount rate. 
3 The report does not mention inflation, so assumed real. 
4Inflation is mentioned, not clear whether this is included in the 7.5% discount rate or on top of it. 
5WACC (Weighted Average Cost of Capital) stated instead of "Discount Rate" 
6
 Assumed because of the year report was published. No other year specified. 
 
!"#"$  Relative Cost of Offshore Wind 
This section aims to estimate the expected LCOE for offshore wind in Australia by comparing its 
cost in other countries (based on the existing reports mentioned in the previous section) to the 
LCOE of energy sources currently commissioned in Australia. A similar comparison, excluding 
offshore wind, has been recently published by the Bureau of Resources and Energy Economics 
(BREE, a department of the Federal Government of Australia) [7]. Costs will be compared to the 
BREE data as well as the predecessor report for 2011 by Acil Tasman, which used a different 
approach. 
It is expected that there will be variation in results due to a number of factors, such as exchange 
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calculation. These factors will then be explored, to identify the effect these might have on the 
cost of offshore wind in Australia.  
Table 5-5: Estimated LCOE by converting currency (2012 Exchange Rate, AUD) 
Coal  Onshore  Offshore  LSPV  LSST 
Source 
Original 
Currency 
Exchange 
rate to 
2012 AUD 
Estimated 
Inflation to 
2012 
Min 
$/MWh 
Max 
S/MWh 
Min 
$/MWh 
Max 
S/MWh 
Min 
$/MWh 
Max 
S/MWh 
Min 
$/MWh 
Max 
S/MWh 
Min 
$/MWh 
Max 
S/MWh 
BREE 2012  AUD  1.00  1.00      80  125  140  230  155  355  220  445 
Fraunhofer 
2012 
EUR  0.80  1.00  50  100  68  168  137  230  131  174  230  286 
IRENA 2012  USD  1.06  1.06      70  116  151  191  261  593  191  311 
IRENA 2012*  USD  1.06  1.06      70  116  171  191  261  593  191  311 
IDAE 2012  EUR  0.80  1.06      95  118  122  175  278  318  331  370 
EIA 2011  USD  1.06  1.08  129  158  84  118  191  357  162  330  196  656 
AEGTC 2011  AUD  1.00  1.06  64  255  88  181      210  429  180  496 
ARUP 2011  GBP  0.67  1.03      116  167  240  303  312  588     
Mott Mac 2011  GBP  0.67  1.03  129  158  84  118  191  357  162  330  196  656 
PB 2010  GBP  0.67  1.06  95  255  119  167  239  326         
DW 2010  NOK  6.07  1.06  53  61      175  175         
NREL 2010 (7)  USD  1.06  1.06          126  171         
NREL 2010 (10)  USD  1.06  1.06          161  231         
NREL 2010 (16)  USD  1.06  1.06          201  276         
Blanco 2009  EUR  0.80  1.13  51  65  63  122  84  156         
* With lower capacity factor for offshore wind (read from graph) 
Note: where only a single value is provided, for better viewing on graphs, the range has been expanded by five 
dollars either side of the value provided. 
 
Figure  5-5 b e l o w  g i v e s  a  q u i c k  o v e r v i e w  o f  t h e  c o s t  o f  o f f s h o r e  w i n d  a n d  o t h e r  e n e r g y  
technologies reported by the various sources. There is consistency in the reported LCOE for 
onshore wind, however, variations in offshore and large-scale solar indicate that each report 
have included other factors in their calculations or had different data to work from. For example, 
the  cost  of  finance  might  be  included  in  some  calculations.  The  different  environmental 
conditions between the USA, Australia and the UK also account for the wide variation in the 
reported  costs f o r  v a r i o u s  t e c h n o l o g i e s .  The  range  of  LCOE  costs  for  offshore  wind  in  the 
selected studies appear to be much smaller than the range of costs for large-scale solar PV and 
large-scale solar thermal. The cost for onshore wind appears to agree much more between 
sources than the other technologies. This shows that the cost for onshore wind is perhaps the 
most stable between regions of the five technologies shown below. PEC624 DISSERTATION                       FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA                                                                                                                        
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Figure 5-5: Example of Wide Range of Levelised Costs Reported by Different Studies 
In the above figure, costs have been grouped by origin of report as follows: 
Orange: Australia 
Red: UK 
Green: Europe 
Blue = International (reported in US Dollars) and USA 
 
The  above  figure  shows  a  lot  of  information  and  does  not  differentiate  between  different 
discount rates or method used. In the following sections the above details are combined by the 
following factors and compared: 
•  region 
•  nominal or real  
•  discount rate (regardless of nominal or real, as some might quote a discount rate that 
"includes" the effect of inflation) 
•  projected year 
This is to see if any of the factors has an obvious effect on the result. 
!"#"$  Regional Differences – EU, UK or USA 
LCOE is reported by a number of entities in various countries. Initial observations indicate that 
where the report comes from has some effect on the estimation of the cost of offshore wind. 
Additionally, each region may have a set of assumptions, such as energy costs in the USA 
typically use a lower discount rate than those in the UK reports used here [2]. PEC624 DISSERTATION                                       FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA                                                                                            
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Table 5-6 and Figure 5-6 below show the estimated range of LCOE for the five technologies 
compared in this study. The wide range reported in the UK could be in part due to there being 
more studies included from this area than for the USA or Europe. Onshore wind costs however 
appear  to  be  well  understood,  as  most  of  the  regions  agree.  The  UK  reports  suggest  a 
significantly higher cost for offshore wind than the European reports. However, the USA reports 
span the range of both the UK and European reports, indicating a greater uncertainty in the 
cost based on existing data internationally. 
Table 5-6: LCOE Range by Region (AUD 2012 $/MWh) 
Coal   Onshore   Offshore   LSPV  LSST 
Source  Min  Max  Min  Max  Min  Max  Min  Max  Min  Max 
UK  95  255  84  167  191  357  162  588  196  656 
EU  50  100  63  168  84  230  131  318  230  370 
USA  129  158  84  118  126  357  152  330  196  656 
International      70  116  151  166  261  593  191  311 
 
 
Figure 5-6: LCOE Range by Region 
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!"#"!  Real Vs Nominal Discount Rate 
Some of the reported LCOE costs are nominal rather than real. Using nominal discount values 
will reduce the overall LCOE relative to the real version, but the variation attributed to these 
differences does not account for the wide range of costs reported. 
A nominal discount rate can be approximated from a real discount rate using the following:  
dn = dr + e [84] 
I.e. 7 % real converts to approximately 10% nominal. Hence an LCOE value using a nominal 
10% discount rate (and inflation of 3% separate) is the approximate equivalent of a real LCOE 
value with a discount rate of 7%. In this study, in order for a nominal value to be comparable to 
the base BREE value using 10% discount and real, the nominal study would need to be using a 
discount  rate  of  approximately  13%.  There  are  no  reported  nominal  LCOE  costs  using  a 
discount rate this high in the reports used in this study. 
Table 5-7 and Figure 5-7 bel ow show the range of reported LCOE for studi es where i t i s 
known whether inflation was taken into account (nominal) or not (real).  
Table 5-7: Reported LCOE for Real and Nominal Results (AUD 2012 $) 
Coal  Onshore  Offshore  LSPV  LSST  Source 
Min  Max  Min  Max  Min  Max  Min  Max  Min  Max 
Real  64  255  80  181  122  357  155  588  180  656 
Nominal  50  100  68  168  137  230  131  593  191  286 
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Figure 5-7: Reported LCOE - Nominal Vs. Real 
These results show that for the limited data available, the nominal results are lower than the real 
results. This is not very obvious however, as there are more studies that worked in real figures, 
and other factors than discount rate result in a wide range of "real" LCOE values possible for 
offshore  wind  and  the  other  technologies.  Onshore  wind,  however,  appears  to  have  well 
understood costs, as the range of costs are similar for both real and nominal results. 
In  order  to  check how using real or nominal discount rates affects the LCOE, the Douglas 
Westwood study has been increased to a discount rate of 10% (see Section 5.3.1 for details). 
This results in an LCOE of approximately 210 AUD$/MWh. This is still less than the LCOE 
reported by UK studies for offshore wind, so other factors are likely to be influencing the UK 
LCOE results.  
!"#"$  Discount Rate 
Table 5-8 and Figure 5-8 below show the estimated LCOE of the five energy technologies, 
grouped by discount rate. For the onshore wind estimate, the 12-16% discount rate results in a 
slightly higher cost estimate than the 7-8% estimate. There is a greater difference between the 
LCOEs for different discount rates for offshore wind however. The higher discount rates were 
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typically  for  UK  studies  which  indicates t h a t  there  are  probably  other  factors  affecting  the 
offshore wind costs rather than just the choice of discount rate. 
Table 5-8: Reported LCOE by Discount Rate (AUD 2012 $/MWh) 
Coal  Onshore  Offshore  LSPV  LSST  Reported 
Discount Rate 
(%)  Min  Max  Min  Max  Min  Max  Min  Max  Min  Max 
12-16  129  158  84  167  191  357  162  598  196  656 
10-11  50  255  68  168  122  326  131  355  220  445 
7-8  51  65  63  122  84  175  261  593  191  311 
 
 
Figure 5-8: Reported LCOE by Discount Rate 
The above results indicate discount rate, at least for on- and offshore wind, does have some 
influence  on  the  resulting  LCOE  reported.  Therefore  only  the  studies  using  most  common 
discount rate of 10% will be considered for the final LCOE estimate. Unfortunately, this excludes 
most of the mainland European-based studies. 
!"#"$  Year of Projection 
The year of projection is the year that the estimated LCOE cost is for. Some reports provided a 
number of projected years; others worked in a single base year in the present or future. This 
has an effect on the cost, as further out projections will have an increased uncertainty in costs, 
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as well as assumptions about future trends that may not occur, such as changes in investment 
patterns or interest rates. 
Table  5-9 a n d  Figure  5-9 s h o w  t h e  v a r i a t i o n  i n  L C O E  c o s t s  b y  p r o j e c t e d  y e a r .  M o s t  a r e  
projected within a couple of years of one another, and it could be reasonably assumed that 
there  would  be  few  uncertainties  that  change  between  2010  and  2012.  For  onshore  wind, 
offshore  wind  and  coal,  the  figure  indicates  a  trend  towards  increased  cost  for  projections 
further into the future. The large range of costs for offshore wind in 2010 and 2015-16 however 
make  this  trend  less  certain. A d d i t i o n a l l y ,  a s  m a n y  o f  t h e s e  e s t i m a t e s  d o  n o t  a c c o u n t  f o r  
inflation, future costs will be more than for those that do account for inflation. It is best to only 
include the 2010-2012 costs in the final estimate for LCOE of offshore wind to remove the 
possible influence of projected future costs. 
Table 5-9: Reported LCOE by Year of Projection (AUD 2012 $/MWh) 
Coal  Onshore  Offshore  LSPV  LSST  Projected Year 
Min  Max  Min  Max  Min  Max  Min  Max  Min  Max 
2015-2016  64  255  84  181  191  357  162  429  180  656 
2012  50  100  68  168  137  230  131  355  220  445 
2010  53  255  70  167  122  357  162  593  191  656 
2008  51  65  63  122  84  156  0  0  0  0 
 
 
 
Figure 5-9: Reported LCOE by Year Projected 
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!"#"$  Studies that are Directly Comparable with BREE 
Considering all the above studies, ideally a broad range of data would be used, but to compare 
to the BREE results, only the NREL and some of the UK studies can be used. Additionally, the 
DW study can be used, because the provided data is sufficient to reconstruct the result at a 
10% discount rate (see Section 5.3.1). Data included in the final estimate of offshore wind in 
Australia is listed below. 
Table 5-10: LCOE Comparison with BREE for Compatible Studies 
Offshore Wind 
LCOE Range 
(2012 AUD) 
Source 
Real or 
Nominal  Discount  Inflation  Pre-Tax  Lifetime 
Capacity 
Factor (%) 
Year 
Projected  Min $/MWh 
Max 
$/MWh 
BREE 2012  Real  10  0  Y 
As 
NREL 
As NREL  2012  140  230 
IRENA 2012*  Real  10  0  Y  20  38  2010  171  191 
PB 2010  Real  10  0  Y    38  2010  239  326 
NREL 2010 *  Real  10  0  Y  20  37  2010  161  231 
DW 
Reconstructed 
Real  10  0  Y  20  38  2010  210  210 
TOTAL  REAL  10  0  Y  20  ~38 
2010-
2012 
140  326 
* Extrapolated from figures presented in each report. 
Using this option, the LCOE range for offshore wind in Australia (including BREE estimate) is 
$140-326/MWh.  Excluding  BREE,  the  range  is  $171-326/MWh.  Therefore,  the  international 
data, converted to 2012 AUD dollars gives a generally higher figure than BREE for offshore wind 
in 2012 in Australia. 
!"#"%  Ratio Method for Calculating the LCOE of Offshore Wind 
Another approach for determining of the relative feasibility of offshore wind using LCOE is the 
ration of offshore wind LCOE to other energy sources; in this case, onshore wind is used to 
compare to, as all reports have similar values for onshore wind. This method can avoid the 
issues  of  exchange  rate,  inflation, a n d  r e d u c e s  t h e  v a r i a t i o n s  i n  p r i c e s  t h a t  a r e  d u e  t o  
differences in LCOE calculation assumptions between reports. The downside is that reports 
where onshore wind is not included cannot be viewed. Figure 5-10 below shows the mid-point 
ratio to onshore wind for the reported LCOE by a number of studies. PEC624 DISSERTATION                                       FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA                                                                                            
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Figure 5-10: Mid-Point Ratio of LCOE between Energy Sources 
Both large-scale solar options are about 1 1/2 times the cost of offshore wind, when compared 
to onshore wind. Therefore offshore wind overseas is currently cheaper than the comparable 
large-scale solar options. 
Table 5-11 below shows the ratio estimated for each reported LCOE value, between onshore 
and  offshore  wind ( t h e  s a m e  a s  i n  Figure  5-10).  The  range  for  offshore  costs  has  been 
estimated using the onshore wind range in the BREE 2012 report. 
Table 5-11: Estimated LCOE in 2012 AUD using Ratio Method 
Onshore Range (BREE)    Offshore 
Source  Min $/MWh  Max $/MWh  Ratio  Min $/MWh  Max $/MWh 
BREE 2012  1.8  144  226 
Fraunhofer 2012  1.6  124  194 
IRENA 2012  1.7  136  213 
IDAE 2012  1.4  111  174 
EIA 2011  2.7  218  340 
AEGTC 2011  NA  NA  NA 
ARUP 2011  1.9  153  240 
Mott Mac 2011  2.0  157  244 
PB 2010  2.0  158  247 
DW 2010  NA  NA  NA 
NREL_7 2010  NA  NA  NA 
NREL_16 2010  NA  NA  NA 
Blanco 2009 
80  125 
1.3  104  162 
 
The above table shows that that the ratio of offshore wind to onshore wind is typically between 
1.6-2.0. Therefore it can be said that offshore wind is generally about twice the cost of onshore 
wind internationally. PEC624 DISSERTATION                       FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA                                                                                                                        
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!"#"$%  Comparison  of  the  Cost  of  Offshore  Wind  Using  the  Exchange  Rate  and  Ratio 
Methods 
Figure 5-11 below shows the difference in estimated LCOE of offshore wind in Australia using 
the two methods outlined previously: exchange rate, and ratio method. The onshore wind cost 
reported by the BREE 2012 study has been used to calculate the range of costs using the ratio 
method.  
The red bars are much more consistent, as the ratio of onshore to offshore wind is typically 
around 1:2. Generally, the results are similar for the two methods for each report, with the 
exception of the UK studies.  
 
Figure 5-11: Comparison of Ratios and Currency Conversion Method 
 
!"#"$$  Estimated Cost of Offshore Wind in Australia and Comparison to Other Technologies 
Having investigated the cost of offshore wind internationally using a variety of methods, a few 
studies were selected to determine the cost of offshore wind using the exchange rate method, 
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as described in section 5.2.8. A wider selection was used with the ratio method described in 
section 5.2.9. 
With the exchange rate method, the expected LCOE of offshore wind is: 
  $140-326/MWh. 
With the ratio method range, the expected LCOE of offshore wind is: 
  $100-250/MWh. 
Combining these two, realistically the cost of offshore wind could be anywhere between $100-
330/MWh,  based  on  overseas  experience,  with  an  expectation  that  offshore  wind  would 
typically be expected to cost twice that of onshore wind over the life of the project. The BREE 
2012  estimate  falls  somewhere  in  the  middle  of  this  combined  cost  estimate ( b e i n g  $140-
230/MWh). 
The ACIL Tasman update to the report “Australian Electricity Generation Technology Costs – 
Reference Case 2010" [74, 85] is used as one of the two benchmarks for LCOE comparison to 
offshore wind. This series of reports provides a comprehensive overview of all energy sources 
present in Australia, in Australian dollars. The LCOE for these sources (AEGTC 2011 version) 
are shown in Figure 5-12 (over page) in dark brown. Unfortunately the projected year was 
2015, however it provides estimates of all existing and emerging energy sources in Australia. 
In July 2012, the BREE 2012 report came out, which is an update to the Australian Electricity 
Generation Technology costs. This report is the second benchmark to compare the cost of 
offshore wind overseas to. This shows the estimated cost of offshore wind amongst the energy 
technologies,  and  it  can  be  seen  that  in  the  last  year  or  so,  the  costs  of  many  of  the 
technologies have changed considerably. Shown is the BREE report with and without carbon 
tax, to see the expected effect this will have on fossil fuel technologies. PEC624 DISSERTATION                       FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA                                                                                                                        
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Figure 5-12: AEGTC/BREE LCOE with Offshore Wind (Calculated from data with 10% discount rates, and as a ratio of onshore wind data). 
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The results indicate that offshore wind in Australia could cost less than the large-scale solar 
technologies and cost a similar amount to geothermal (hot sedimentary aquifer) technology. 
BREE's estimate of the cost of offshore wind, using the NREL report, gives a tighter range 
which compares well with other reports. Offshore wind is therefore likely to be as economically 
viable in Australia as these existing technologies.  
5.3  Uncertainty in the Estimate LCOE of Offshore Wind 
The results in Figure 5-12 (above) are an estimate of the LCOE of offshore development based 
on the costs overseas. The estimate does not take into account additional uncertainties present 
when considering costs in other currencies and other countries. These include: 
•  Exchange rate 
•  Inflation rate forecasts (for nominal values of LCOE) 
•  Different capacity factors due to different geography 
•  Difference in cost of materials and labour 
There will also be differences in the inputs to the LCOE calculation that explain the variation in 
the estimates for the cost of offshore wind.  
!"#"$  Sensitivity Analysis 
A typical offshore wind development as assumed by Douglas Westwood results in an estimated 
LCOE of 2012 AUD $198/MWh.  
A sensitivity analysis using a simple LCOE has been performed on the theoretical offshore wind 
development described in the Douglas Westwood report, to see how the estimate can vary with 
input parameters. The formula used is that from Section 5.2.1, however, fuel costs are zero for 
offshore wind. 
The project particulars for the sensitivity are listed in Table 5-12 below. The conditions differ 
somewhat from those expected for some of the Messali/Diesendorf sites mentioned earlier in PEC624 DISSERTATION                       FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA                                                                                                                        
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Section 3. For example, the wind speed is less in the Australian study, but the identified sites 
are typically shallower than 20 metres. 
Note that the ‘base’ LCOE from the sensitivity analysis is slightly lower than that reported in the 
Douglas Westwood report. This is likely due to differences in modelling techniques between 
Douglas Westwood and the LCOE formula shown in this report.  
Table 5-12: Theoretical Project Details [19] 
Item  Details 
Number of turbines  80 
Wind farm capacity  600 MW 
Expected annual output  1997.3 GWh 
Depth of water  20 m 
Distance from shore  15 km 
Lifespan  20 years 
Capacity Factor  38 % 
Foundation  Monopile 
Discount Rate  7 % 
 
Table 5-13: Variation of inputs Lifetime and Capacity Factor 
Variation of input (%)  -25  -10  0  10  25 
Variation in Lifespan (years)  15.00  18.00  20  22.00  25.00 
Variation in Capacity Factor (%)  28.50  34.20  38  41.80  47.50 
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Table 5-14: Variation of Discount Rate as Input to LCOE 
Variation of input (%)  -99  -75  -50  -25  -10  0  10  25  43  72  99 
Change in Discount Rate (%)  0.07  1.75  3.50  5.25  6.30  7.00  7.70  8.75  10.01  12.04  13.93 
 
 
Figure 5-14: Sensitivity Analysis of discount rate 
Table 5-15 below provides a summary of the inputs for the LCOE calculation and sensitivity 
analysis. 
Table 5-15: Theoretical Project Costs [19] 
Item  Cost (2010 GNOK
2 Million)  Cost (2012 $AUD Million) 
CAPEX  16.2  3208.46 
   * Wind Turbines  7.14  1414.10 
   * Foundation  2.58  510.98 
   * Electrical Infrastructure  2.73  540.69 
   * Installation  2.11  417.89 
   * Planning and Development  1.62  320.85 
O&M  0.427  84.57 
  
Using the LCOE equation outlined in Section 5.2.1, a number of factors were varied by up to 
+/- 25% to determine what could be the strongest influences in the LCOE of a project. Table 
5-16 shows the data used as inputs when varied by a percentage.  
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Table 5-16: Variation of input costs 
Component 
GNOK  
(mil 2010)  Estimated AUD (2012 $ mil) 
Percentage Change (%)    -25  -10  0  10  25 
CAPEX (foundations, internal cables and 
turbines)  16.2 
2406.35  2887.62  3208.46  3529.31  4010.58 
Wind Turbines  7.14  1060.57  1272.69  1414.10  1555.51  1767.62 
Foundation  2.58  383.23  459.88  510.98  562.07  638.72 
Electrical Infrastructure  2.73 
405.51  486.62  540.69  594.75  675.86 
Installation  2.11  313.42  376.10  417.89  459.68  522.37 
Planning and Development  1.62 
240.63  288.76  320.85  352.93  401.06 
O&M  0.427  63.43  76.11  84.57  93.03  105.71 
 
Figure 5-15 below shows that the lifetime of the project vital to its success. By assuming that 
an offshore wind farm will only last 20 years, instead of 25 years, the LCOE of offshore wind 
development is likely to increase by around 30%; a significant difference. The reported LCOE 
typically  assumes  20  years,  however  some  sources  state  25  years,  which  may  be  a  more 
realistic timeframe. Over a longer time frame, the replacement cost of parts may become more 
expensive due to aging as well on top of regular O&M costs. This may offset the reduced LCOE 
cost that would arise due to extending the time frame for the lifetime only. 
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Another  significant  influence  on  the  expected c o s t  o f  o f f s h o r e  w i n d  d e v e l o p m e n t  i s  t h e  
assumed system degradation rate. This is the assumption that the power capacity will drop 
over the lifetime of the project. O&M costs are likely to be more expensive in Australia than in 
Denmark due to industry inexperience; at least in the short term. The result of the sensitivity 
analysis for O&M costs estimated by Douglas Westwood indicated that a 25% increase would 
have little impact on the overall economic feasibility of this particular example. 
Note  also,  that  because t h e  r e s u l t s  a r e  q u i t e  c l o s e  b e t w e e n  t h i s  r e p o r t s  " r e a l  L C O E "  f o r  
Douglas Westwood and the result reported by Douglas Westwood, this indicates that if inflation 
was considered, it may have already been incorporated into Douglas Westwood’s model. 
!"#"$  Capacity Factor 
Wind  speed  and  availability a f f e c t  t h e  c a p a c i t y  f a c t o r  o f  a w i n d  farm.  This  varies  between 
installations and affects the LCOE. The typical capacity factor for wind farms around the world 
is summarised below (Table 5-17). This table shows that Norway and Germany have excellent 
offshore capacity factors, while the UK is typically lower than other countries. Although most of 
the reports mentioned in Section 5 include data where available from any existing sites, the 
access to data could vary between these. For example, the ARUP report is more likely to have 
more access to cost data for offshore wind developments in the UK, whereas the Fraunhofer 
report is likely to have more complete data for sites within Germany. Therefore, the ARUP report 
might report higher LCOE costs for offshore wind as the lower capacity developments in the UK 
make up a larger portion of their dataset. PEC624 DISSERTATION                       FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA                                                                                                                        
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Table 5-17: Comparing Offshore to Onshore Capacity Factor 
Location  Source (offshore or onshore)  Typical Capacity Factor  Source 
Australia  Onshore  34 %  [86] 
 
Onshore  27 % (average)  [87] 
UK 
Offshore  26-31 %  [88] 
Onshore  20 %  [89] 
Germany 
Offshore  48.7 %  [88] 
Onshore  26 % (average)  [90] 
Denmark 
Offshore  40 %  [88] 
Onshore  Commonly 35 %  [91] 
Norway 
Offshore  Up to 50 %  [88] 
 
USA  Onshore  30 %  [92] 
 
Australia’s o n s h o r e  c a p a c i t y  f a c t o r  i s  s i m i l a r  t o  t h e  o f f s h o r e  c a p a c i t y  f a c t o r  i n  t h e  U K .  The 
average wind speed for potential sites in Australia, however, is lower than some offshore sites in 
the  UK,  as  Section  3 d i s c u s s e s .  T h i s  i n d i c a t e s  t hat  a g i v e n  r e g i o n  m a y  p e r form  better  in 
offshore or onshore wind conditions, since local topography can have a strong influence on 
both. On the basis that LCOE costs increase with decreasing capacity factor, Australia could 
expect higher costs for offshore compared to onshore wind than the UK. 
5.4  Potential Effects of a Carbon Tax 
In Australia, the carbon tax that was introduced in July 2012 is $23/tonne [51]. Table 5-18 
below lists a sample of high carbon emitters in the power industry, taken from the Federal 
Government of Australia’s list of the top 500 emitters. An estimate of the cost of the carbon tax 
per  MWh  of  energy  usage  performed  for  this  analysis  indicates  that  large  fossil-fuel b a s e d  
generators such as Loy Yang Holdings will incur an additional cost of around $8/MWh. An 
increase in cost of $8/MWh for conventional coal power stations could raise the ACIL Tasman 
(AEGTC 2011) reported cost of brown coal to around $80/MWh. This figure is the lower end of 
the onshore wind farms LCOE range (being a minimum of $80/MWh in the BREE 2012 report). PEC624 DISSERTATION                                       FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA                                                                                            
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Table 5-18: Typical Power Industry Carbon Equivalent Emitters and Estimated Corresponding Cost per MWh [93] 
Registered 
Corporations 
Total scope 1 
greenhouse gas 
emissions (t CO2-e) 
Total scope 2 
greenhouse gas 
emissions (t CO2-e) 
Total energy 
consumption 
(GJ) 
Estimated 
tonnes/ 
MWh 
Estimated 
Cost per 
MWh * 
Great Energy 
Alliance Corporation   19378906  247305  213649799  0.33  7.59 
NRG Victoria 1   6409672  49873  71624302  0.32  7.36 
OzGen Holdings 
Australia   9717866  35635  109562217  0.32  7.36 
Loy Yang Holdings   10165819  2703  115793518  0.32  7.36 
Macquarie 
Generation  20330773  193404  233767683  0.31  7.13 
Eraring Energy  11725490  79764  135163587  0.31  7.13 
International Power 
(Aus) Holdings   16764353  231061  193265202  0.31  7.13 
Delta Electricity  19792536  1069358  231083454  0.31  7.13 
ACTEW Corporation  74715  152066  872798  0.31  7.13 
Tarong Energy 
Corporation  9149947  99891  106887980  0.31  7.13 
Stanwell 
Corporation   5929509  12364  70751592  0.30  6.9 
C S Energy   14880516  105497  182516197  0.29  6.67 
Redbank Energy   6089406  32855  77704078  0.28  6.44 
Alinta Energy 
Finance   1284751  6907  16846186  0.27  6.21 
Electricity 
Generation 
Corporation T/A 
Verve Energy 
7918036  6113  104059488  0.27  6.21 
HRL  2457380  182455  32659072  0.27  6.21 
Chevron Australia 
Holdings   367663  7531  4888846  0.27  6.21 
* Assumes a carbon tax of $23/tonne 
The introduction of the carbon tax could therefore act to bridge the gap in cost between fossil 
fuelled and renewable energy. Although onshore wind is of course much cheaper than offshore 
wind,  the  difference  between  the  costs o f  o ffshore  wind  and  fossil-fuelled  power  will  also 
decrease as a result of the carbon tax. 
6  Discussion 
The analysis of the various feasibility factors indicates a large degree of uncertainty in the field of 
offshore wind development.  
The  limited  site  analyses b y  M e s s a l i / D i e s e n d o r f ,  J e n g / Z h e n g  a n d  C a r r a  s h o w  a  n u mber  of 
potential regions. A further detailed study of some of these potential sites would be beneficial to PEC624 DISSERTATION                       FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA                                                                                                                        
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identify the difference between an ideal and a feasible offshore wind development location. The 
first offshore wind development to get planning approval in Australia, like that of the Cape Cod 
wind  farm  in  the  USA,  would  resolve  a  number  of  uncertainties  that  currently  exist  in  the 
procedure for siting offshore wind and the planning process. 
Being  isolated  geographically,  most  components  for  Australia’s  first  offshore  wind  projects 
would need to be imported from Europe or China. Given the likelihood of a lengthy development 
phase as seen with the Cape Cod project, combined with instability in the international currency 
market, this further fuels the uncertainty in costs of offshore wind in Australia.  
The  economic  analysis  of  offshore  wind  through  the  comparison  of  LCOE  between  reports 
raised the issue of estimating costs using international currency. It also highlighted a number of 
different assumptions that varied between the LCOE reports. This made it difficult to determine 
with reasonable certainty, what the expected cost of offshore wind would really be. Ideally, an 
independent calculation of the LCOE for offshore using exactly the same method as the BREE 
and Acil Tasman (AEGTC 2011) reports would be carried out. However, this requires detailed 
information  of  individual  cost  of  offshore  wind  projects,  and  a  method  of  translating  the 
expected cost of each component into the expected Australian cost.  
The mid-point of the estimated LCOE range for offshore wind appears is lower than that of 
existing or planned large-scale solar projects in Australia. The government’s investment in these 
technologies indicates that they are considered viable in the long-term. Offshore wind pilot (and 
eventually commercial) development could be achieved with a similar amount of government 
investment to that for the other large-scale renewable power fields.  PEC624 DISSERTATION                                       FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA                                                                                            
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7  Conclusion 
The aim of this study was to investigate the feasibility of offshore wind power in Australia given 
the economic climate in 2012, and assuming that the offshore wind development would be built 
this year.  
Australia has excellent wind resources along the majority of the coast which are also located 
close to some of its major cities and regional centres. The major transmission grids are largely 
coastal which is a better fit for offshore wind than other inland energy technologies such as 
large  scale  solar.   A d d i t i o n a l l y ,   inland  transmission  lines  are  approaching  capacity  in  some 
regions,  limiting  the  amount  of  additional  power  capacity  that  can  be  installed  away  from 
population  centres. T h e  e x i s t i n g  s t u d i e s  o f  p o t e n t i a l  s i t e s  i n d i c a t e  a  n u m b e r  o f  f e a s i b l e  
locations, but deeper investigation of specific sites would be required to determine if they could 
be the first sites for successful offshore wind development in Australia. 
Australia’s oil and gas industries coupled with the shipping industry means it has the current 
infrastructure to readily launch offshore projects. Although there is currently no policy pertaining 
to  offshore  wind d e v e l o p m e n t , p l a n n i n g  a n d  t r a n s m i s s i o n  m a y  already  be  covered  under 
existing maritime and transmission policies. The rapid growth of offshore and other renewables 
in Europe are due in part to favourable policies such as feed-in tariffs along with streamlined 
planning regulations. The experience of the Cape Cod offshore wind development in the USA is 
important  to  observe  to  assess  the  likely  barriers  to  early  offshore  wind  development  in 
Australia. The fact that relevant approvals procedures in the USA are shaping as a result of the 
first offshore wind indicate that the same would happen in Australia, as the need arises. 
When  the  first  offshore  wind  developments  in  the  USA  are  commissioned  and  further 
development  occurs  in  Asia,  the  costs  of  offshore  wind  outside  of  Europe  will  be  better 
understood. Cape Cod Offshore Wind will be an important case study in the extent of work PEC624 DISSERTATION                       FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA                                                                                                                        
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required to bring an offshore wind project to completion where there is a lack of existing policy 
or strong financial incentives. 
The existing RET scheme in Australia can provide some form of supplemental income to large-
scale  renewable  energy  providers,  but  is  not  enough  to  bring  the  cost  of  most  renewable 
energy sources down to the level of conventional fossil fuel generators. Additionally, the varying 
price  on  the  large-scale  generation  certificates  increases  long-term  uncertainty  for  potential 
investors in renewable energy. Offshore wind, being around twice the cost of onshore wind, is 
unlikely  to  attract  early  investment  unless  it  receives  the  type  of  funding  that  is  currently 
provided for large-scale solar technologies and/or pilot demonstration projects in various fields. 
The  economic  feasibility o f  o f f s h o r e  w i n d  i n  A u s tralia  is  likely  to  depend  on  programs  and 
incentives  such  as  those  currently  seen  in  Europe  which  tilt  the  playing  field  in  favour  of 
renewables. Inclusion into the government’s existing large-scale renewable funding programs 
would be necessary to bring the cost of offshore wind development down to the same level as 
other subsidised technologies in Australia such as large-scale solar and geothermal. Before 
subsidies, offshore wind costs less than large-scale solar PV and thermal. For offshore wind to 
remain cost-competitive with large-scale solar, it would need to receive comparable financial 
support from the State and Federal governments of Australia. 
The analysis of the economic feasibility indicates that offshore wind is generally twice the cost of 
onshore wind but that there is a lot less certainty in offshore wind costs than for onshore wind. 
Offshore  wind  developments  however  are  typically  cheaper  than  large-scale  solar  PV  and 
Thermal. Comparing offshore wind to geothermal, the costs are quite similar, although offshore 
wind is somewhat cheaper using the BREE estimate. The expected cost of offshore wind in 
Australia  is  between  $100-330/MWh  in  Australian  2012  dollars.  BREE  estimates  $140-
230/MWh which is somewhere in the middle of the larger estimate. PEC624 DISSERTATION                                       FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA                                                                                            
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The cost for offshore wind is typically lower than technologies that have existing investment and 
presence in Australia. Therefore offshore wind is economically feasible in Australia. Additionally, 
there are a number of suitable sites that although have not been investigated thoroughly, have 
the  characteristics  necessary  for  offshore  wind  development.  Therefore  offshore  wind  is 
technically feasible in Australia. The policy framework at present is uncertain, but there exists a 
number of schemes that could be applicable to offshore wind, making it feasible to incorporate 
offshore wind into the renewable energy supply using the usual funding and finance models. In 
summary, while there are many uncertainties, offshore wind development is feasible in Australia 
given the existing conditions. PEC624 DISSERTATION                       FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA                                                                                                                        
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Appendix A: Offshore Wind Turbines in Operation Worldwide 
Table A-1: Offshore Wind Turbines Commissioned as listed on the Offshore Wind Database Website: www.lorc.dk 
Offshore Wind 
Farms  Country Start Com’ed 
Estimated Project 
Cost (Millions ! at 
installation) 
Distance 
From Shore 
Min (km) 
Distance 
From Shore 
Max (km) 
Water 
Depth 
Min (m) 
Water 
Depth 
Max (m) 
Wind 
Speed 
(m/s) 
Height 
(m) 
Installed 
Capacity 
(MW) 
Estimated 
Capacity 
Factor (%) 
Project Cost 
(!)/MW 
Installed 
Number of 
Turbines  Operator  Turbine Model 
Support 
Structure 
Greater Gabbard  UK  2003  2012  1615  26  26  24  34  9  80  504    3.2  140  SSE Renewables, RWE 
npower renewables 
Siemens SWT-3.6-107  Monopiles 
Sheringham 
Shoal 
UK  2006  2012  1287  17  23  17  22      316.8    4.06  88  Scira Offshore Energy  Siemens SWT-3.6-107  Monopiles 
Rudong 1 
Intertidal 
CHI  2010  2011    3  8          48.3      21  China Longyuan Power Group Siemens SWT-2.3-101   
Avedore Holme  DK  2008  2011    0.05  0.1  0.5  2    93  10.8  39.89    3  DONG Energy  Siemens SWT-3.6-120  Gravity Based 
Wind Float 
Demonstration 
PT  2009  2011  20  5  5  42  53    67  2    10  1  Energías De Portugal (EDP)  Vestas V80-2.0 MW  Floating 
Jeju Demo  Sth.Ko    2011    1.2  1.2          2      1  Korean Institute for Energy 
Research 
STX 72  Jackets 
Ormonde  UK  2002  2011  552  9.5  14  17  30      150    3.68  30  Vattenfall  REPower 5M  Jackets 
Walney 1  UK  2008  2011    14.4  14.4  21  26  9.3  80  183.6      51  DONG Energy  Siemens SWT-3.6-107  Monopiles 
Walney 2  UK  2003  2011    14.5  25.8  19  24  9.3  80  183.6      51  DONG Energy  Siemens SWT-3.6-120  Monopiles 
Belwind  BE  2006  2010  614  46  46  20  37      165    3.72  55  Belwind  Vestas V90-3.0 MW  Monopiles 
Donghai Bridge  CHI    2010  258  6  13  7  7  8.4  90  102    2.53  34  Shanghai Donghai Wind 
Power 
Sinovel SL3000/90  Gravity Based 
Rudong Demo  CHI  2008  2010    3.5  4.5      7.48  70  22      12  China Longyuan Power Group  Various  Other Piled 
Xiangshui Demo  CHI    2010    3.5  3.5  0  4  6.83  80  4.5      2  Yangtze New Energy 
Development 
SEWIND W2000M / 
Goldwind 
GW100/2500 
Other Piled 
Alpha Ventus  DE  1999  2010  250  45  60  30  30  10.5  90  60    4.17  12  Deutsche Offshore Testfeld 
und Infrastruktur (DOTI) 
AREVA M5000 / 
REpower 5M 
Tripods / 
Jackets 
Baltic 1  DE  2001  2010  200  16  16  16  19  9  67  48.3    4.14  21  EnBW  Siemens SWT-2.3-93  Monopiles 
Rodsand 2  DK  2004  2010    8.8  8.8  6  12  12  45  207      90  E.ON  Siemens SWT-2.3-93  Gravity Based 
Pori 1  FI    2010  8.5  1.2  1.2  9  9      2.3    3.7  1  Suomen Hyötytuuli  Siemens SWT-2.3-101  Gravity Based 
Kamisu  JAP    2010    0.04  0.04  5  5      14      7  Wind Power Ibaraki  Subaru 80/2.0 MW  Monopiles 
Gunfleet Sands  UK  2003  2010    7  7  10  15  9  80  172.8      48  DONG Energy  Siemens SWT-3.6-107  Monopiles 
Robin Rigg  UK  2006  2010  500  8  8  10  12      180    2.78  60  E.ON  Vestas V90-3.0 MW  Monopiles 
Thanet  UK  2005  2010  912  11.3  11.5  20  25      300    3.04  100  Vattenfall  Vestas V90-3.0 MW  Monopiles 
Thornton Bank 1  BE  2003  2009    28.7  28.7  12  27.5      30      6  C-Power  REpower 5M  Gravity Based 
Avedore Holme  DE  2007  2009  13.4  0.05  0.05  0.5  2      7.2    1.86  2  DONG Energy  Siemens SWT-3.6-120  Gravity Based 
Horns Rev 2  DK  2005  2009  470  30  30  9  17  9.7  62  209.3    2.24  91  DONG Energy  Siemens SWT-2.3-93  Monopiles 
Sprogo  DK    2009    10.6  10.6  6  16      21      7  DONG Energy  Vestas V90-3.0 MW  Gravity Based 
Hywind  NO  2001  2009    10  10  220  220      2.3      1  StatoilHydro  Siemens SWT-2.3-82 
VS 
Floating 
Vanern  SE    2009    7  7  3  13  7.4  90  30      10  Vindpark Vänern Kraft  WinWinD WWD-3  Gravity Based 
Inner Dowsing  UK  2003  2009  174.5  5  9  6.3  11.2      97.2    1.8  27  Centrica Energy  Siemens SWT-3.6-107  Monopiles 
Lynn  UK  2003  2009  174.5  5  9  6.3  11.2      97.2    1.8  27  Centrica Energy  Siemens SWT-3.6-107  Monopiles 
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Offshore Wind 
Farms  Country Start Com’ed 
Estimated Project 
Cost (Millions ! at 
installation) 
Distance 
From Shore 
Min (km) 
Distance 
From Shore 
Max (km) 
Water 
Depth 
Min (m) 
Water 
Depth 
Max (m) 
Wind 
Speed 
(m/s) 
Height 
(m) 
Installed 
Capacity 
(MW) 
Estimated 
Capacity 
Factor (%) 
Project Cost 
(!)/MW 
Installed 
Number of 
Turbines  Operator  Turbine Model 
Support 
Structure 
Hooksiel  DE    2008    0.4  0.4  2  8      5      1  BARD  BARD 5.0  Tripiles 
Kemi Ajos  FI    2008  50  2.6  2.6  3  8      30    1.66  10  Pohjolan Voima  WinWinD WWD-3  Gravity Based 
Princess Amalia  NL  1998  2008  380  23  23  19  24      120    3.16  60  Offshore Windpark Q7  Vestas V80-2.0 MW  Monopiles 
Suizhong Oil 
Field 
CHI    2007    70  70  32  32      1.5      1  CNOOC  Goldwind GW70/1500  Jackets 
Lillgrund  SE  1997  2007  200  7  7  4  10  8.5  65  110.4    1.81  48  Vattenfall  Siemens SWT-2.3-93  Gravity Based 
Beatrice Demo  UK  2005  2007    23  23  45  45      10      2  SSE Renewables  REpower 5M  Jackets 
Burbo Bank  UK    2007    6.4  6.4  2  8  9  84  90      25  Dong Energy  Siemens SWT-3.6-107  Monopiles 
Breitling  DE    2006    0.5  0.5  2  2      2.5      1  WIND-projekt  Nordex N90/2500  Gravity Based 
Egmond aan Zee  NL  2001  2006  200  10  18  18  18  8.5  70  108    1.85  36  Nuon Vattenfall  Vestas V90-3.0 MW  Monopiles 
Barrow  UK  2001  2006  143  7.5  7.5  15  20  9  75  90    1.58  30  Centrica Energy  Vestas V90-3.0 MW  Monopiles 
Kentish Flats 1  UK  2003  2005  122  8.5  13  5  5  8.7  70  90    1.35  30  Vattenfall  Vestas V90-3.0 MW  Monopiles 
Ems Emden  DE  2003  2004    0.6  0.6  3  3      4.5      1  ENOVA  Enercon E-112  Gravity Based 
Sakata  JAP    2004    0.2  0.2  2  4      16      8  Summit Wind Power  Vestas V80-2.0 MW  Other Piled 
Setana  JAP    2004  6  0.7  0.7  12  12      1.32    4.54  2  Setana Town  Vestas V47-660 kW  Other Piled 
North Hoyle  UK  2001  2004  94  6.4  8  7  11      60    1.56  30  RWE npower renewables  Vestas V80-2.0 MW  Monopiles 
Scroby Sands  UK  2002  2004  87  2.3  2.3  5  10  8.6  65  60    1.45  30  E.ON  Vestas V80-2.0 MW  Monopiles 
Frederikshavn  DK    2003    1  1  1  4      7.6      3  DONG Energy  Nordex N90/2300 / 
Vestas V90-3.0 MW / 
Bonus 2.3 MW/82 
Monopiles / 
Buckets / 
Monopiles 
Nysted 1  DK  1998  2003  268  10.8  10.8  6  9      165.6    1.61  72  DONG Energy  Bonus 2.3 MW/82  Gravity Based 
Paludans Flak  
(Samsø) 
DK    2003    3.5  3.5  10  13    61.2  23  43.55    10  Samsø Havvind  Bonus 2.3 MW/82  Monopiles 
Arklow Bank 1  IRE    2003    10  10  4.2  6.4  8.5  73.5  25.2      7  SSE Renewables  GE 3.6 MW Offshore  Monopiles 
Horns Rev 1  DK  1998  2002  270  14  20  6  14  9.7  62  160    1.69  80  Vattenfall  Vestas V80-2.0 MW  Monopiles 
Ronland  DK  1996  2002    0.1  0.2          17.2      8  Thyborøn-Harboøre 
Vindmøllelaug, 
Vindenergi/Harboøre 
Møllelaug 
Vestas V80-2.0 MW / 
Bonus 2.3 MW/82 
Gravity Based 
/ Gravity 
Based 
Middelgrunden  DK  1996  2001  46.95  2  2  3  5  7.3 (at 
48 m) 
64  40  25.24  1.17  20  DONG Energy  Bonus 2.0 MW/76  Gravity Based 
Yttre Stengrund  SE  2001  2001  13  4  4  6  10  8.47  60  10  16.83  1.3  5  Vattenfall  NEG Micon 
NM72/2000 
Monopiles 
Utgrunden 1  SE  2000  2000    8  12.5  7.1  9.9  8.5  65  10.5  34.66    7  Vattenfall  Siemens SWT-2.3-93  Gravity Based 
Blyth  UK  1994  2000  4.6  1.6  1.6  6  11    67  4  15.63  1.15  2  E.ON  Vestas V66-2.0 MW  Monopiles 
Bockstigen  SE  1998  1998    3  4  6  6    41.5  2.5  25.09    5  Nordisk Vindkraftservice  Wind World W-
3700/500 kW 
Monopiles 
Irene Vorrink  NL  1996  1997  23.5  0.3  0.3  1  2    50  16.8    1.4  28  Nuon Vattenfall  Nordtank NKT 600/43  Monopiles 
Tuno Knob  DK  1995  1995  11.7  6  6  3  6  7.8 (a 
40.5) 
40.5  5  32.28  2.34  10  DONG Energy  Vestas V39-500 kW  Gravity Based 
Lely  NL  1992  1994  4.54  0.75  0.8  5  10    40  2    2.27  4  Nuon Vattenfall  Nedwind N40/500  Monopiles 
Vindeby  DK  1990  1991  10  1.5  3  2  6    37.5  4.95  20.05  2.02  11  DONG Energy  Bonus 450 kW/37  Gravity Based 
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Appendix B: Onshore Wind Farms in Australia and Internationally 
Table B-1: Australian onshore wind farms (> 1 MW capacity) either operating, installed or under construction [94]  
Wind Farm  State  Year 
Project Cost ($ 
millions)  Capacity (MW)  Mil $ per MW   Developer 
Macarthur  Vic  2013  1000  420  2.38  AGL Energy/Meridian Energy 
Musselroe  Tas  2013  425  168  0.39  Hydro Tasmania 
Silverton Wind farm  NSW  2013          
Collgar  WA  2012  750  206  3.64 
UBS International Infrastructure Fund/Retail Employees 
Superannuation Trust 
Yaloak  Vic  2012  880  349  2.52  Pacific Hydro 
Hallet 5  SA  2011  140  52  2.69    
Hepburn Community  Vic  2011  12.9  4.1  3.14  Hepburn Wind 
Portland  Vic  2011  300  195  1.53  Primergy Ltd & Wind Prospect Pty Ltd 
Oaklands Hill  Vic  2011  200  67.2  2.98  AGL Energy 
Crookwell 2  NSW  2011  238  92  2.58    
Clements Gap  SA  2010  135  58  2.32  Pacific Hydro 
Hallett Wind Farm - Hallett 2 - Hallett 
Hill  SA  2010  159  71.4  2.22  AGL Energy 
Waterloo  SA  2010    111  1.21  Roaring 40s 
Lake Bonney Stage 3  SA  2009          
Lake Bonney Stage 2  SA  2008  400  159  2.51  Infigen 
Snowtown (Barunga Range)  SA  2008  220  170  1.29  Wind Prospect 
Waubra  Vic  2008  326  192  1.69  Acciona Energy/ANZ Infrastructure Services 
Cathedral Rocks  SA  2007    66    Hydro Tasmania/Acciona Energy 
Emu Downs  WA  2006  180  80  2.25  Stanwell Corporation 
Canunda  SA  2005  92.5  46  2.01  International Power/Wind Prospect 
Lake Bonney Stage 1  SA  2005    80.5    Infigen 
Wattle Point  SA  2005  165  90.75  1.81  AGL & Wind Farm Developments 
Mount Millar  SA  2005  130  70  1.85  Transfield Services Infrastructure Fund 
Walkaway  WA  2005  210  90  2.33  Alinta 
Wonthaggi  Vic  2005  20.4  12  1.70  Wind Power Pty Ltd PEC624 DISSERTATION                       FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA                                                                                                                        
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Woolnorth  Tas  2004    140  1.44  Hydro Tasmania 
Starfish Hill  SA  2003  65  34.5  1.88  Transfield Services Infrastructure Fund 
Nine Mile Beach  WA  2003  10.6  3.6  2.94    
Challicum Hills  Vic  2003  76  52.5  1.44  Pacific Hydro 
Toora  Vic  2002  38  21  1.80  Transfield Infrastructure Fund 
Albany  WA  2001  45  21  2.14  Verve Energy 
Codrington  Vic  2001  30  18.2  1.64  Pacific Hydro 
Windy Hill  QLD  2000  20  12  1.66    
Ten Mile Lagoon  WA  1992  5.8  2.03  2.85    
Hallett Wind Farm - Hallett 1 - Brown 
Hill  SA      94.5  1.42  AGL Energy 
Hallet 4  SA    341  132  2.58    
Huxley Hill  Tas      2.5    Hydro Tasmania 
Crookwell  NSW      4.8    Eraring Energy 
Blayney  NSW      9.9    Eraring Energy 
Hampton  NSW      1.32    Wind Corporation Australia 
Woodlawn/Tarago  NSW      50    Infigen Energy 
Cullerin Range  NSW      30    Origin Energy 
Capital Wind Farm  NSW      140    Infigen Energy 
Gunning  NSW    140  47  2.97    
 
Table B-2: International onshore wind farms in operation with a capacity of 500 MW or greater (at October 2012) 
Wind Farm  Country  Capacity (MW)  Source 
Jaisalmer Wind Park  India  1,064  [95]  
Alta Wind Energy Center  USA  > 1000  [96]  
Shepherds Flat Wind Farm  USA  845  [97]  
Roscoe Wind Farm  USA  781.5  [98]  
Horse Hollow Wind Energy Center  USA  735.5  [98]  
Capricorn Ridge Wind Farm  USA  662.5  [98]  
Fowler Ridge Wind Farm  USA  599.8  [99]  
Sweetwater Wind Farm  USA  585.3  [100]  
Cedar Creek Wind Farm  USA  551  [99]  
Buffalo Gap Wind Farm  USA  523.3  [98]  PEC624 DISSERTATION                                       FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA                                                                                                               
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Dabancheng Wind Farm  China  500  [101]  
Meadow Lake Wind Farm  USA  500  [102]  PEC624 DISSERTATION                       FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA                                                                                                                        
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Appendix C: Solar Resource of Australia 
 
Figure C-1: Regions for Solar Thermal Opportunities in Australia (source: Worley Parsons [103])PEC624 DISSERTATION                                       FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA                                                                                                                  
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Appendix D: The National Grid in Australia 
 
Figure D-1: Grid Australia Network Map [104]  
 PEC624 DISSERTATION                                                                                                                      FEASIBILITY OF OFFSHORE WIND IN AUSTRALIA  
Page 99 of 103 
Appendix E: Renewable Energy Initiative in Australia 
Table E-1: Applicable Initiatives taken from Renewable Energy Initiatives (May2011) issued by the Clean Energy Council [45]  
Gov’ment 
Program/ Scheme 
Name 
Type/ 
cost of policy  Purpose 
Eligible 
Renewable 
Technologies 
Participant 
Eligibility/ Requirements  Duration/ Introduction  Grant amount 
Additional 
Information 
Federal  Renewable Energy 
Target (RET) 
Mandates Australia’s 
use of electricity 
generated from 
renewable sources 
Investment estimated 
at $5bn 
To encourage additional 
generation of electricity from 
renewable energy sources. 
Renewable energy generated 
or deemed to have been 
generated 
Accredited power stations or small 
generation units that have generated 
renewable energy or deemed to have 
generated renewable energy 
Expanded renewable 
energy target (RET) 
commenced 1 Jan 
2010. 
N/A 
Market price paid for 
Renewable Energy 
Certificates (RECs) 
Target set at additional 
45,000 GWh by 
2020 
Federal  Australian Centre 
for Renewable 
Energy (ACRE) 
(Part of $5.1b 
Clean Energy 
Initiative) 
Manages over $690m 
of funding. One stop 
shop for renewable 
energy businesses 
To promote development, 
commercialisation  & deployment 
of renewable energy technologies 
Renewable energy 
technologies and enabling 
technologies 
See ‘Strategic 
Directions for ACRE’ 
Established 2010  N/A - Advisory body  Under Minister for 
Resources & Energy 
Federal  Renewable Energy 
Demonstration 
Program 
(Part of $5.1b 
Clean Energy 
Initiative) 
$300m competitive 
grants program 
($235m awarded to 
four projects November 
2009) 
Funding to assist in demonstration 
of renewable energy for power 
generation on a commercial scale 
in Australia 
Geothermal, wind, biomass, 
hydro, ocean energy, 
combination technologies 
Applicant must be non-tax exempt 
incorporated Australian company 
Launched 
20 February 2009 
Funding provided in 
rounds 
Size of grants expected to 
be 
$50-100m (up to one third 
of eligible expenditure on 
the project 
(grants ranging 
$15.28m-90m awarded 
November 2009) 
Administered through the 
Australian Centre for 
Renewable energy (ACRE) 
Applications invited for 
funding 
2009/2010 and beyond 
Federal  Renewable Energy 
Future Fund 
(Part of $5.1b 
Clean Energy 
Initiative) 
$652.5 m over 4 years 
Additional funding 
under the Clean Energy 
Initiative 
For the development & 
deployment of large and small 
scale 
renewable energy projects 
Renewable energy e.g. 
geothermal, solar, wave energy 
Will leverage private venture capital by 
encouraging partnerships between the 
Government and the private sector to 
make critical early-stage investments in 
the commercialization of new renewable 
technologies 
Over four years, from 
2010-2014 
$42 m to be spent 2010-
11 
$352 to be spent 2011-12 
$149 to be spent 2012-13 
$109.5 to be spent 2013-
14 
Coordinated by 
DCCEE 
Federal  Wind Energy 
Forecasting 
Capability initiative 
(WEFC) 
(Part of $5.1b 
Clean Energy 
Initiative) 
Up to $14m 
development fund 
To support the development and 
installation of software and 
systems for the effective 
forecasting of wind energy 
generation in Australian power 
systems 
Funded the 
AEMO to develop and deliver 
the Australian Wind Energy 
Forecasting System (AWEFS) 
Up to $14m development fund  Announced in 
June 2004 
Up to $14m development 
fund 
Has also funded a number 
of research and 
development projects to 
support AWEFS 
Federal  Advanced 
Electricity Storage 
Technologies 
(Part of $5.1b 
Clean Energy 
Initiative) 
$20.4m funding  Supports the development and 
demonstration of efficient 
electricity storage technologies for 
use with variable RE sources 
Advanced storage 
technologies 
Technology must be for advanced 
storage for use with variable RE sources 
Announced in 
June 2004 
Grants ranging from 
$1.113- 
$7.4m awarded to five 
projects 
$18.433m funding 
awarded to five projects 
Federal  Renewable Energy 
Venture Capital 
$100m  Fund to make critical early- stage 
equity investments that leverage 
Early-stage equity investments 
that leverage private funds 
Early-stage equity investments that 
leverage private funds to commercialise 
To be established in 
2011 
Size of grants 
TBA 
ACRE released a 
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Gov’ment 
Program/ Scheme 
Name 
Type/ 
cost of policy  Purpose 
Eligible 
Renewable 
Technologies 
Participant 
Eligibility/ Requirements  Duration/ Introduction  Grant amount 
Additional 
Information 
(REVC) fund 
(Part of $5.1b 
Clean Energy 
Initiative) 
private funds to help 
commercialise emerging 
renewable energy technologies. 
emerging renewable energy technologies.  November 2010. Feedback 
is being 
incorporated into the 
Renewable Energy Venture 
Capital Program 
Administrative Guidelines, 
due for release late- 
2011. 
Federal  Solar Flagships 
Program 
(Part of $5.1b 
Clean Energy 
Initiative) 
$1.5bn over 
6 yrs. Competitive 
funding for four solar 
energy plants 
Aims to create an additional 
1000MW of solar generation 
capacity over four plants 
Commercially proven solar 
technologies. Proposal may 
include solar thermal and solar 
PV with generation capacity of 
at least 150 MW. 
Proposals must meet Solar 
Flagships criteria and 
Education Investment Fund 
criteria. 
Technology to be used in the project must 
have been demonstrated in operation at a 
scale of at least 30 MW generation 
capacity for 12 months. 
Round 1 closed 
15 Feb 2010. 
Successful projects 
expected to be 
announced second half 
of 
2011. Government has 
stated 
commitment to 
Round 2. 
Expected to leverage $2 of 
industry and state 
government funding for $1 
of Commonwealth 
investment 
Round 1 projects 
scheduled to complete 
commissioning of plant by 
31 
December 2015 
Federal  Emerging 
Renewables 
Program 
(Part of the 
$652.5 m 
Renewable Energy 
Future Fund) 
$102.2m  Additional support for emerging 
technologies with potential as 
future sources of large-scale base 
load power 
Emerging renewables that can 
potentially provide future 
sources of large- scale base 
load power 
Emerging renewable projects  Guidelines issued by 
November 
2010 
Applications received 
by March 
2011 
Funding allocations 
announced in June 
2011. 
   An additional 
$60m funding allocated 
2011/12 budget 
Federal  Connecting 
Renewables 
Program 
$1b  Facilitate connecting renewable 
energy projects to electricity 
networks 
TBA - expected 
to be finalised by the second 
half 
of 2011 
TBA - expected to be finalised by the 
second half of 2011 
Over ten years from 
2010-2020 
Funding through co- 
contributions with 
governance arrangements 
consistent with NEM 
frameworks. 
$100 million committed for 
the first 4 years from 
2010/11 
Proposed Townsville to Mt 
Isa transmission line will be 
the first project assessed - 
$185m committed 2012 to 
2017, and additional 
funding of up to 
$150 million 
2017 to 2020, at not more 
than 
$50 million p/a 
Federal  Innovation 
Investment Fund 
Venture Capital 
support program 
To support commercialisation of 
Australian research by co- 
investing in innovation 
funds. 
Investing in early stage and 
commercialising Australian 
R&D 
Fund Managers  Closed to new 
applications. 
Investment provided to 
venture capital fund on 1:1 
ratio - maximum 
commonwealth capital 
$20m 
$221m (from total $354m) 
committed for Rounds 1 
and 
Further information at 
AusIndustry hotline: 132 
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Gov’ment 
Program/ Scheme 
Name 
Type/ 
cost of policy  Purpose 
Eligible 
Renewable 
Technologies 
Participant 
Eligibility/ Requirements  Duration/ Introduction  Grant amount 
Additional 
Information 
2, matched by the private 
sector up to a maximum 
ratio of 2:1. 
$200m for Round 3 to 
license up to ten fund 
managers. 
Federal  R&D Tax 
Concession 
Tax 
Concession 
125% Tax Concession (Australian- 
owned R&D only) 
R&D Tax Offset for small 
companies, enabling them to 
‘cash out’ any tax losses 
(Australian- owned R&D only) 
R&D Incremental 
(175% Premium) Tax Concession 
for additional investment in 
Australian- owned R&D 
175% International Premium 
incremental tax concession for 
additional investment in 
‘foreign owned’ R&D 
Australian- owned R&D  Companies incorporated in Australia and 
undertaking R&D 
Applications are received based on 
individual company reporting periods. 
Eligible companies can 
choose the R&D tax 
offset in their first year 
of income beginning 
after 30 June 
2001 
N/A  Further information at 
AusIndustry hotline: 132 
846 
Federal  Clean Energy 
Innovation Centre 
– Enterprise 
Connect Network 
Part of 
$50m Enterprise 
Connect Initiative 
Centre offers services to clean 
energy industry including free 
business reviews and supporting 
grants 
Clean energy technologies e.g. 
solar, wind, wave, tidal, 
biofuels and cogeneration, 
development and supply of 
methods, equipment and 
technology used to reduce 
energy demand or increase 
energy efficiency. 
Small & medium sized businesses in the 
clean energy industry 
Launched 2009  Business reviews, ongoing 
mentoring, grants up to 
$20,000 (will contribute to 
half the cost of approved 
projects) 
Centre located in 
Newcastle 
Further info available at 
website or hotline: 131 791 
Federal  Solar Cities  $88.7m program 
Solar Cities are: 
Adelaide, Alice Springs, 
Blacktown, Central 
Victoria, Moreland, 
Perth, Townsville 
To demonstrate effects of 
combining cost reflective 
pricing with widespread use of 
solar technology and examine 
barriers. 
Solar 
Technologies 
Solar Cities  Duration 2005 - 
2013 
N/A 
$13.7m in additional 
funding over two years 
announced 
budget 2011/12 
Data collected & analysed 
to find the most effective 
energy management for 
communities 
Federal  Clean Energy 
Trade and 
Investment 
Strategy 
$14.9 million will be 
spent over 3 years 
To attract investment into 
Australia's 
clean energy sector and assist 
Australian clean energy companies 
to access international markets 
Solar, wind, geothermal, 
marine, bioenergy and 
biofuels, 
Australian business  Announced budget 
2009/10 
Under development 
N/A  Austrade to appoint 
industry specialists in 
Australia and in major 
offshore markets 
Attracting investment in the 
Australian Renewable 
Energy sector 
Developing exports of 
Australia’s clean 
technologies and services 
to Asia 
Federal  GreenPower 
Scheme 
Joint initiative of the 
ACT, NSW, SA, QLD, 
To encourage use of renewable 
energy to reduce greenhouse gas 
Solar, wind, hydro, bioenergy  Households, business. 
State governments have agreements to 
Commenced in NSW in 
April 1997 then 
N/A  Currently over 
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Gov’ment 
Program/ Scheme 
Name 
Type/ 
cost of policy  Purpose 
Eligible 
Renewable 
Technologies 
Participant 
Eligibility/ Requirements  Duration/ Introduction  Grant amount 
Additional 
Information 
VIC and WA 
government agencies 
emissions and drive demand for 
renewable energy 
purchase some of their power from 
GreenPower 
expanded to other 
states in 
2000 
GreenPower customers 
and 
196 accredited generators 
QLD  Queensland 
Sustainable Energy 
Innovation Fund 
Competitive grants 
($8.9m for over 77 
projects has already 
been granted) 
To assist in the development & 
commercialisation of sustainable 
technologies 
Renewable energy 
technologies 
Incorporated QLD 
based organisations 
Commenced 1999  Grants of up to 
80% of project costs up to 
$200,000 
Applications for new 
project proposals invited 
twice per year. Application 
process information 
available on website 
QLD  Queensland 
Renewable Energy 
Fund 
$50m program 
Competitive grants 
program 
To support development and 
deployment of renewable energy 
generation technologies in QLD. 
Renewable energy 
technologies that are beyond 
proof of concept and provide 
minimum capacity of 
100kW 
Australian based organisations with 
project related to QLD 
Announced 2007  Funding is accessed via 
loan of up to 
100% or grant of up to 
50% of project capital 
value. 
Further funding rounds are 
yet to be determined. 
SA  Renewable 
Energy Target 
20% of electricity to be 
produced by 
renewable energy by 
2014 
To increase the use of renewable 
energy in SA 
Renewable energy 
technologies 
   Climate Change and 
Greenhouse Emissions 
Reduction Act 
2007 became law on 3 
July 2007 
N/A  New target announced of 
33% of electricity to be 
produced by renewable 
energy by 2020 
SA  Renewable 
Energy Fund 
$20 million over 2 years  To support R&D of renewable 
energy technologies 
Renewable energy 
technologies 
Incorporated company with history in 
delivering similar projects, financially viable 
Established June 
2009. Expires 
June 2011 
Variable  To be overseen by 
Renewable Energy Board, 
supported by Renewable 
Energy Commissioner 
SA  Payroll Tax rebate  Payroll tax rebate for 
construction of 
renewable energy plant 
To attract more investment in 
renewable energy 
Large scale renewable energy 
projects e.g. wind, solar, wave, 
geothermal 
Projects must have nameplate rating at 
single connection point of greater 
than or equal to 
30MW and have started construction 
phase after 1 July 
2010 
1 July 2010 until 
30 June 2014 
Payroll tax rebate 
associated with labour: 
Up to $5m for solar 
Up to $1m for wind 
Administered by 
Revenue SA 
Vic  Energy Technology 
Innovation Strategy 
$72m grants program  To support the development of 
large scale, pre-commercial 
demonstrations of sustainable 
energy technologies 
Solar, energy storage, biofuels, 
biomass conversion, 
geothermal & 
clean distributed energy 
Selection criteria available on website  Established April 
2008 
August 2010 the Govt 
allocated $30m to two 
grant programs (SERD 2 
and SEPD). 
Proponents TBA 
Administered by 
DPI 
WA  Low Emissions 
Energy 
Development Fund 
Competitive grants 
program 
To develop low emission 
technologies to reduce 
greenhouse gas emissions 
Renewable energy 
technologies 
WA projects that reduce greenhouse gas 
emissions. Projects must not have 
commenced and must be seeking > 
$200,000 
Launched 2007  Variable funding in rounds 
on matching 3 for one-
dollar basis. 
Applications for 
Round 4 funding are now 
open. Applications close 
at 5pm (WST), Wednesday 
29 
June 2011 
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Appendix F: Exchange Rates 
Table F-1: Exchange rate at 17 March of each year [source: www.xe.com] 
Description  Code  2001  2002  2003  2004  2005  2006  2007  2008  2009  2010  2011 
Australia 
Dollars  AUD  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00  1.00 
Denmark 
Kroner  DKK  4.11  4.42  4.15  4.51  4.42  4.46  4.45  4.47  3.78  5.00  5.23 
Euro  EUR  0.55  0.59  0.56  0.61  0.59  0.60  0.60  0.60  0.51  0.67  0.70 
United 
Kingdom 
Pounds 
GBP  0.34  0.37  0.38  0.41  0.41  0.41  0.41  0.47  0.47  0.60  0.61 
Norway 
Kroner 
NOK  4.49  4.62  4.36  5.12  4.83  4.77  4.87  4.83  4.46  5.37  5.56 
United 
States 
Dollars 
USD  16.12  0.53  0.59  0.74  0.79  0.73  0.80  0.94  0.66  0.92  0.98 
 
Appendix G: Inflation Rate Australia 
Table G-1: Inflation Rates used in this Analysis (source: [105]) 
Year  Mar  Jun  Sep  Dec  Annual  Increase  To Present Value (2012) 
1998  -0.17%  0.67%  1.34%  1.58%  0.85%  100.85%  148.63% 
1999  1.25%  1.07%  1.73%  1.80%  1.47%  101.47%  147.37% 
2000  2.79%  3.19%  6.08%  5.80%  4.48%  104.48%  145.24% 
2001  5.99%  6.02%  2.52%  3.12%  4.38%  104.38%  139.02% 
2002  2.94%  2.84%  3.20%  3.03%  3.00%  103.00%  133.18% 
2003  3.44%  2.69%  2.60%  2.37%  2.77%  102.77%  129.30% 
2004  1.98%  2.48%  2.32%  2.59%  2.34%  102.34%  125.81% 
2005  2.36%  2.49%  3.03%  2.80%  2.67%  102.67%  122.93% 
2006  2.98%  3.98%  3.94%  3.25%  3.54%  103.54%  119.74% 
2007  2.44%  2.07%  1.86%  2.96%  2.33%  102.33%  115.65% 
2008  4.24%  4.51%  4.98%  3.69%  4.35%  104.35%  113.01% 
2009  2.47%  1.46%  1.26%  2.11%  1.82%  101.82%  108.30% 
2010  2.89%  3.05%  2.79%  2.65%  2.85%  102.85%  106.36% 
2011  3.33%  3.60%  3.52%  3.10%  3.42%  103.42%  103.42% 
2012  0  0  0  0  0  100.00%  100.00% 
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